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Observatory, at the expense of the Meteorological Committee. By B. 
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Contributions to Terrestrial Magnetism, No. XI. By General Sabine, R.A., 
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Variations in Human Myology observed during the Winter Session of 
1867-68 at King’s College, London. By John Wood, F.R.C.S., Exa- 
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ERRATA. 
Vol. XV. page 469, line 6 from bottom, the expression in brackets { } should be 
raised to the uth power. 
E : d. d 
Vol. XV. p. 486, in equation (1) for a read = ; 
The equation which occurs at the foot of page 488 is limited to the case where 


a=x2-+a const. 


Vol. XY. page 497, line 12 from bottom, for +0:00631 read +°000631. 
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June 6, 1867. 
The Annual Meeting for the election of Fellows was held this day. 
Lieut.-General SABINE, President, in the Chair. 


The Statutes relating to the Election of Fellows having been read, 
Major-General Boileau and Mr. J. Clerk Maxwell were, with the consent 
of the Society, nominated Scrutators to assist the Secretaries in examining 
the Lists. 

_ The votes of the Fellows present having been collected, the following 
Candidates were declared to be duly elected into the Society :— 


William Baird, M-D. Edward Hull, Esq. 

W. Boyd Dawkins, Esq. Edward Joseph Lowe, Esq. 
Baldwin Francis Duppa, Esq. James Robert Napier, Esq. 
Albert C. L. G. Gunther, M.D. Benjamin Ward Richardson, M.D. 
Julius Haast, Esq., Ph.D. J. S. Burdon Sanderson, M.D. 
Capt. Robert Wolseley Haig, R.A. Henry T. Stainton, Esq. 

Daniel Hanbury, Esq. Charlies Tomlinson, Esq. 


John Whitaker Hulke, Esq. 


June 20, 1867. 
Lieut.-General SABINE, President, in the Chair. 


Dr. William Baird, Dr. Ginther, M.D., Capt. R. Wolseley Haig, Mr. 
Daniel Hanbury, Mr. Whitakex Hulke, Mr. Edward Hull, Mr. Edward 
J. Lowe, Dr. B. Ward Richardson, Dr. J. S. Burdon Sanderson, Mr. Henry 
T. Stainton, and Mr. Charles Tomlinson, were admitted into the Society. 
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Tn accordance with the Statutes, notice of the ensuing Anniversary Meet- 
ing for the election of Council and Officers was given from the Chair. 


The following communication was read :— 


I. “Description of an Apparatus for the Verification of Sextants 
designed and constructed by Mr. T. Cooke, and recently erected 
at the Kew Observatory.” By Bazrour Stewart, LL.D., 
Superintendent of the Kew Observatory. Received May 9, 
1867. 


In order to test the accuracy of graduation of a sextant, it is necessary 
to have a series of well-defined objects, the angular distances between 
which must be accurately known. The sextant under trial is made to 
measure these angular distances; and the results thus obtaimed, when 
compared with the correct values of these distances (supposed to be 
otherwise determined), will give at once the error of the instrument. 

Now with regard to this series of objects, the following conditions are 
necessary in order that they may be convenient for the purpose of testing 
sextants :— 


a. It is necessary that the objects should be distinctly seen and 
well defined. Luminous objects would be preferable, if these 
could be obtained. Luminous points would answer well. 

f. It is necessary that they should be at a very great, or virtually 
infinite distance from the sextant, so that two lines proceed- 
ing from any point in the objects, the one to the index-glass, 
and the other to the horizon-glass, should be virtually parallel 
to each other. 

y. It is necessary that these objects should be at such angular 
distances from one another, that by means of them it may be 
possible to test, say every 15° of a sextant’s are. 

5. It is necessary that these objects should be always visible, or at 
least that they should be rendered visible easily, and without 
loss of time. 


A series of fixed stars, at suitable intervals from one another, might 
be made to fulfil the first three of these conditions ; but in this uncer- 
tain climate it would be inconvenient to adopt any mode of verification 
depending for its success upon the visibility of the sun or stars ;—in fine 
we must have a source of light which can always be commanded. 

A plan proposed by Mr. T. Cooke fulfils this requirement, and as it 
has now been carried out with apparent success, a short description of 
it may perhaps be acceptable to the Royal Society. 

His arrangement is of the following tfature :— 

F, G denote two collimators, F having a single vertical line, and G a 
couple of cross lines, as shown in the figure. 
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The collimator F is at the principal focus of the lens a, and the colli- 
mator G at that of the lens 6. 


Elevation of Collimators, showing wires viewed from outside the circle. 


A. Double coli haalene, D. Candles for illuminating wires. 


B. Table for holding sextants. E. Slate to which collimators are bolted. 
C. Sextant. F & G. Wires in collimators. 


Furthermore, the lenses are so adjusted that the two lines, the one of 
which .is that proceeding from the centre of the collimator F to the 
centre of the lens a, and the other that proceeding from the centre of 
the collimator G to the centre of the lens 0, shall be parallel to one 
another. 

This condition is fulfilled in the following manner:—A telescope 
having an object-glass sufficiently large to embrace at once the two 
collimators a and 6, is focused by means of a star for an object infi- 
nitely distant. It is then used as an instrument wherewith to view 
these collimators previously illuminated ; if they appear in focus, it 
follows that they are to be optically regarded as infinitely distant 
bodies, and thus that they are puecomercly at the principal foci of their 
respective lenses. 

In the next place, things are so auebeady that the vertical collimator 
shall appear to bisect the cross-wire collimator in the field of view of 

B2 
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the telescope. This adjustment is one which, from the form of the two 
collimators (a straight line and two cross lines), can be made with great 
exactness, and when accomplished, it follows that the two collimators, 
F and G, are to be optically regarded as two infinitely distant bodies, 
both being in the same direction. 

Each of the two collimators has a moveable cover, so that, if desirable, 
the one can be viewed without the other. 

The collimator lines are illuminated in the following manner :—These 
lines are formed of fine glass threads, and the light of candles symme- 
trically disposed is allowed to fall upon these threads. By this arrange- 
ment the threads are rendered luminous on both their sides at the same 
time; there is therefore no perceptible parallax, such as would follow 
from the one side of the thread being lit up at one time, and the other at 
another time. 

It is now necessary to describe the method of fixing the collimators. 

A brick erection was made in the basement hall of the Observatory, 
having the shape of a circular are. To the flat top of this erection three 
pibees, of slate, all in one horizontal plane, and having their upper sur- 
faces curved, were attached by cement; finally, a slate slab, E (shown 
in the figure), was laid so as to rest simultaneously on these three curved 
surfaces. The collimators, being intended to rest on this slate slab, had 
their lower surfaces made quite flat, and were firmly bolted by means of 
screws to the slab. 

The angular distances between the collimators are (roundly speaking) 
as follows :— 


HTOHE 4 GO end ae 30° 
eee Revo: pee ge 60° 
dee AR 0g 105° 
IS a ip eS A hr 120° 


A horizontal table, B, capable of motion, either vertically or in 
azimuth, and also capable of being rigidly fixed in any required posi- 
tion, is placed in the centre of the circle of which the boundary line of 
the slate slab constitutes the circumference. 

In order to determine accurately the angular distance between the 
various collimators, a theodolite is placed on the table B, so that when 
levelled its telescope, as it sweeps round in azimuth, may be able to bring 
into the middle of its field of view the various collimators. 

No care need be taken that the centre of the theodolite is precisely in 
the centre of the circle, because the collimators being virtually at an 
infinite distance, it follows that the angular distance between any two 
of them does not depend on the exact centering of the theodolite. 

Now, if any theodolite be taken, and if a number of sets of observa- 
tions of the angular distances between the collimators be made, each 
set starting from a fresh point in the azimuth circle of the theodolite, it 
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is evident that by this means we shall eliminate any error of graduation 
of the theodolite. 

A complete set of determinations of these angular distances ought, 
therefore, to refer to at least three starting-points in the horizontal 
circle of the theodolite, these being, say 120°, apart from each other. 

The following complete sets have been made at various dates by Mr. 


G. Whipple :— 


Measurements of the Angles between the Collimators of the Apparatus 
for the Verification of Sextants. 


The measurements were made with a 6-in. Theodolite, divided to 30”. 


TABLE I. 


Angles Dates of Observation. 
. between 
collimators. Nov. 23, 1866./Nov. 26, 1866.|Feb. 27, 1867.! May 2, 1867. Means. 


° i dl eo) i di ° i ‘i ce) 4 di (eo) / il 
Nos. rand 2.... 29 59 44°4 | 29 59 35°09 | 29 59 45°0 | 29 59 26°7 
ee a+) 59259137 |-59.59 407 | 59.59 46°7,| 159 59 29'3.| 59 59 3753 
7 
3 


pete ete) FOG 0) 6 1°7) | 105 0 1-7 | 104.59 4177.) Fo4. 59 46°7 | Tod. 50) 5279 
Men eee) 120° © -TE-7 | 120 oO FT°7 | TK9) So 5677 || TxQ 595379" | 120 fo! 3°3 


Tarn IT. 


Differences from Means. 


i di i di 


+o 6-6 28 a8 +o 72 —o Ill 

—o 5°6 +o 4°4 +o 9%4 —o 8-0 

+o 88 +o 8°8 —oO I1'2 —o 62 

+o 84 +o 84 —o 66 —o 10°0 
TasLeE IIT. 


Angles between Collimators. 


Dos. stand: gS sa: sdeecs s. 15 ° 10'4 
ae Dai ve 2 aeletsite oioeisietelsvee cle 29) 59) 3758 
cen Wat Sete eke taseacemaaseaee 2.5) 0) T5°6 
Je Bai 8 aod gee UR eRe eee eae 59 59 317 
SDI At dane St de aeaeee oe Fe hOuns or 
SRD AL sm riGuaaaoauenessaacnt gO 0 25°5 
Aft En ys Ais weaddcocacadsstees 104 59 52°9 
SW IT. nar RUB toes atta aad T2Oy On. 3°3 


It will be seen from Table II. that the observational differences from 
the means are extremely small, and capable of being accounted for by 
the uncertainty of reading a theodolite graduated to 30”. We may 
therefore suppose the positions of the collimators to have remained the 
same throughout the period embraced by our observations. 
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In conclusion, it may be desirable to describe in a few words the 
method by which a sextant may be verified by means of this apparatus. 

Let us suppose the collimators to be accurately and quite immoveably 
fixed, and the angular distances between them to be accurately deter- 
mined. Also let the distance between the two lenses a and 6 of any 
collimator be such that the collimator F may be seen through a at the 
horizon-glass, and the collimator G through 6 at the index-glass of an 
ordinary sextant placed on the table B. 

In order to test the index-error of a sextant; the vertical line of a 
collimator is made to bisect the cross iines belonging to the same 
collimator in the field of view of the telescope of this sextant. If the 
sextant is accurate, it should read zero, since these two lines are infi- 
nitely distant and in the same direction, ’ 

The sextant is next placed with its horizon-glass receiving the rays 
from the vertical line collimator F, (G, being covered), and its index- 
_ glass receiving the rays from the cross line collimator G,, and the tele- 
scope arm is moved until F, bisects G, in the field of view; if the in- 
strument is correct, the reading ought to be (by Table III.) 15° 0’ 10”°4. 
By pursuing this method it is evident from Table III. that the error of 
graduation of the sextant may be determined at every 15° of its are. 

In conclusion, it ought to be mentioned that perhaps no artifical light 
easily obtainable is sufficiently powerful to allow of the darkest glasses 
of a sextant being examined, and that for this purpose we may ultimately 
have to resort to other means. 


II. “On the Observations made with a Rigid Spectroscope, by 
Captam Mayne and Mr. Connor, 2nd Master of H.M.S. 
‘Nassau,’ on a voyage to the Straits of Magellan.” By J. P. 
Gassiot, F.R.S. Received May 25 and June 3, 1867. 


In a communication I made to the Royal Society on the 18th of May 
1865 (Proceedings, vol. xiv. page 320), I described the rigid spectroscope 
which, at the suggestion of Mr. Balfour Stewart (in connection with a 
plan jointly conceived by Prof. Tait and himself), I had had constructed, 
the object sought being to determine by observation whether the index 
of refraction does not vary with the coefficient of terrestrial gravity, for 
which purpose it was thought desirable that the observation should be 
entrusted to some officer on board one of H,M. ships visiting various 
latitudes on both sides of the equator. 

Through the kindness of Captain Richards, Hydrographer to the 
Admiralty, I obtained an introduction to Captain Mayne, of H.M. 
Ship ‘ Nassau,’ at that time (August 1866) fitting out at Woolwich, 
preparatory to making a survey of the Straits of Magellan, and by 
appointment with Captain Mayne I visited the ‘Nassau’ in company 
with Captain Richards. 
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After carefully examining one or two positions in which the instru- 
ment could be placed, Captain Mayne selected a place in his own cabin, 
and explained to us that it was his intention to place the spectroscope 
in charge of an intelligent young officer, Mr. Connor, the 2nd Master, 
by whom the observations would be made; but as the instrument neces- 
sarily remained in Captain Mayne’s elon the observations would be 
made generally in his presence, and under his immediate superin- 
tendence. 

Captain Mayne and Mr. Connor shortly afterwards examined the 
spectroscope at the rooms of the Royal Society, in the presence of Mr. 
Stewart and myself, when they practised the mode of observing ; but, 
in order to ensure the observations being subsequently made without 
any bias as to obtaining particular results, no further explanation 
was given to Captain Nisan or Mr. Connor, the latter being merely 
requested day by day to note the result of his observations, and to 
enter the same in printed forms with which he would be supplied, 
Captain Mayne promising to forward the particulars to Captain 
Richards at his convenience. 

The form supplied was as follows :— 


Reading of 
Date. Latitude, |Barometer,| L&™P: of | Temp. of |" micro” | Remarks. 
air. prisms. | meter for 
D line. 


Mr. Browning, who constructed the instrument, took charge of it on 
the 21st of August 1866, and proceeding to Woolwich placed it on board 
the ‘ Nassau,’ in the position which had been arranged by Captain 
Mayne. 

On the 4th inst. I received a letter from Captain Mayne, of which 
the following is an extract :— 


“H.M. Surveying Ship ‘ Nassau,’ Straits of Magellan, 
Feb. 16, 1867. 


“My pear Mr. Gasstot,—As we are on our way to the Falkland 
Isles, and my time will probably be fully occupied when we get there, 
I write you a few lines to say that I am sending to the Hydrographer a 
diagram of the observations of the spectroscope taken since we left 
England ; with it I am sending a few remarks. I can only say that our 
observations have been carefully taken, and I hope a discussion upon 
them may throw some light upon the subject in which you and others 
are so interested. Mr. Connor plotted the diagram with great care. 
Usually the observations have been made by him, but I have taken 
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them occasionally as a check, and also during the time he was laid up 
with a wound which these wretched Fuegians gave him. You will see 
the method pursued in the diagram is to give the whole voyage com- 
plete, and also the fluctuations during our stay at the various places 
named. Let me add, what I also said to the Hydrographer, that we 
shall be happy to carry out any changes in position of the mstrument, 
or mode of observation, you may wish, so far as our other duties will 
permit. I shall be very glad also to hear that our observations have 
been in any way useful. The weather we have hitherto experienced 
has been rather better than we expected, but gale, gale, gale, the wind 
seems never tired; if it does for a few hours forget to maintain the 
credit it has obtained, be sure you will find a current of five or six 
knots directly opposed to the course you wish to pursue. 

“Please remember me kindly to Mr. Stewart when you see him, and 

“‘ Believe me yours sincerely, 
(Signed) “R. C. Mayne.” 
“J, P. Gassiot, Hsq., F.RS.” 


The following is a copy of the letter referred to in the preceding 


extract :— 
(Copy-) 
“ALM. Surveying Ship ‘Nassau,’ Straits of Magellan, 
Feb. 15, 1867. 

““Srz,—I beg to forward the following remarks on the rigid spectro- 
scope which was placed on board this ship at the request of Mr. Gassiot, 
V.P.R.S., with the view of determining whether the position of the D line 
of the spectrum changes with the coefficient of terrestrial gravity. Ac- 
companying the remarks is a diagram, intended to show at a glance the 
fluctuations which have actually occurred in the line of the spectrum 
during our voyage from Plymouth to the Straits of Magellan, as well 
as those of the barometer and “air” and “prism” thermometers 
during the same period. (In addition to this it has been thought advi- 
sable to plot in the same way the fluctuations which occurred during 
the ship’s stay at the various ports of call on the voyage out indepen- 
dently, as they cannot of course be in any way due to change of 
gravitation. They will be seen on the lower part of the diagram, the 
same number of observations having been plotted after our arrival in 
the straits as were taken at Flymo, the two places being so nearly 
in the same latitude. 

“A description of this instrument has been given by Mr. Gassiot 
before the Royal Society. Its position on board being selected by Mr. 
Gassiot himself, in concert with Mr. Browning, it was placed, at their 
desire, on the port side of my cabin, and its position has in no way 
been altered since. All the observations have been made either by Mr. 
Connor or myself: Mr. Connor, in whose special charge the instru- 
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ment was placed, having observed it by far the most frequently, and 
having given considerable attention to it. The observations were made 
at noon daily, and, owing to the deficiency of light, have (at Mr. Brown- 
ing’s instance) been made by bringing the moveable micrometer wire 
into the centre of the right bright space instead of its right edge, 
as I understand was the use at Kew. 

“The diagram seemed to show that the barometer affects the instru- 
ment, the micrometer reading increasing as the barometer falls, and 
vice versd. In this regard it is curious that, from a series of twenty 
observations, taken since we have been in the Straits of Magellan, 
Mr. Connor deduced that the micrometer should read 3:84 when the 
barometer was 30 inches and attached thermometer 54° F., and that a 
few days since, when the barometer and thermometer were as above, the 
micrometer reading was 3:86. The fluctuations shown when the ship 
was stationary seemed to point out that at least the barometer has 
very considerable effect upon the reading of the instrument: what 
amount of the general changes shown may be due to change in the 
coefficient of terrestrial gravity I leave to those who have made the 
spectrum their study to determine. 

“The barometer readings shown on the diagram have purposely not 
been reduced to the mean temperature of 32° Fahr., as it is thought they 
show better what is desired than if they were so; should it be thought 
advisable to reduce them it can easily be done, as the temperature of 
the air-thermometer plotted hardly differs perceptibly from that 
attached to the barometer. The observations are still being made 
daily, and the record of them kept; if any change of position, other 
method of observing, or any other alteration is thought advisable by 
those interested in the observations, it shall receive all the attention 
the nature of the service on which we are employed will permit us to 
bestow. 

“T have the honour to be, Sir, your obedient Servant, 
(Signed) “R, C. Mayne, Captain.” 
“ Captain Richards, R.N., Hydrographer, Admiralty.” 


As the diagrams referred to could not be conveniently engraved for 
insertion in the Proceedings, they remain at the Royal Society. 

The observations of Captain Mayne and Mr. Connor have evidently 
been made with great care; the diagrams executed by the latter gen- 
tleman exhibit at a glance the actual results. 

In these diagrams two series of observations are recorded; the first 
exhibits the spectroscope reading, along with the reading of the baro- 
meter, of the thermometer imbedded in the glass prism, and of that 
showing the temperature of the air around the instrument as the vessel 
proceeded on its course. 

The second exhibits similar records, made when the vessel stopped 
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at various places during the voyage. In order to make use of these 
records, it became necessary to ascertain the corrections of the instru- 
ment. 

- Immediately on receipt of Captain Mayne’s letters, 1 forwarded 
them to Mr. Stewart, to whom I am indebted for the following obser- 
vations, with the necessary corrections for temperature, &c. These 
corrections are,— 


I. The Temperature Correction. 


In order to determine the correction, very complete sets of experi- 
ments were made by Mr. Balfour Stewart at Kew Observatory, and by 
Mr. Browning at the Minories. 

In January 1866 the spectroscope was conveyed to Kew Observa- 
tory, and was there exposed to a change of temperature equal to 30° 
Fahr. The change was applied very gradually, the experiments for one 
set lasting nearly one month; in respect to duration these changes 
were consequently analogous to those to which the instrument would 
be exposed at sea, but, on the other hand, the instrument, when at 
Kew, was not subjected to vibrations. 

In February 1865 the spectroscope had been subjected to similar 
changes of temperature at Mr. Browning’s house of business in the 
Minories, which abuts on the Blackwall railway. ‘The results there 
obtained are recorded in the Proceedings of the Royal Society (vol. xiv. 
June 1865). These observations extend over arange of 30° Fahr.; and 
as in the greater portion of the time during the observations the in- 
strument was subject to constant vibration from the ordinary work 
carried on in the work-rooms, as well as from the abutting railroad, 
these constant vibrations were so far analogous to the action to which 
the instrument would be subjected to on board a vessel. 

On the other hand, the heating and cooling each took place on the 
same day, and as far therefore as duration is concerned, the tempera- 
ture changes at the Minories were dissimilar to those to which the 
instrument was exposed at sea. 

The result of these experiments was that, for an increase of tem- 
perature of 30° Fahr., there was observed an increase in the reading of 
1:32 revolution of thie: micrometer screw. 

The following Table exhibits the result of the observations made at 
Kew Observatory :— 
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Wate. Temperature 


ofprich: Reading. Date. Pee cane Reading. 
1865. B 1865. 6 
Jan. 13. 48-2 0:67 © |i Keb, 12. 52°8 1:26 
14. 51:5 0-75 18. 52°95 1:22 
16. 75°6 2°00 23. 49°9 1:04 
ie 80°8 2:24 24. 50°8 1:02 
18. 76:0 2:22 || March 2. 73°7 2:26 
19. 74:8 2:05 3. 76°8 2°43 
20. 7a°1 2:04 4, 76°6 2°43 0 
ar. 70°5 1-71 5) 75:0 2°36 
22. 75:0 2:04 6. 78°3 2°64 
Der 74:5 alert Oe 79:0 2°76 
24. 7To°4 1:86 8. 78:9 2°68 
25. 74:6 1:83 9. 76°8 2°46 
26. T5-4 1:92 10. 75°5 2°28 
27. 77-4 2°15 12. 56°3 1-37 
28. TG 2°09 21. 51:0 1:26 
29. CO 2:14 


These experiments consequently consist— 


(1) of a set of readings at low temperature. 


(2) 3 v3 high 3 
(3) ; 99 ey) low 99 
(4) bP) 99 high 99 
(5) 99 29 low 29 


If we compare (2) with the mean of (1) and (8), and (4) with the 
mean of (8) and (5), we obtain as the Kew correction for temperature 
an increase of 1:44 revolution for an increase of 30° Fabhr. 

On comparing the temperatures obtained under very different treat- 
ment at the Minories at Kew, and we find— 


’ At the Minories 30° Fahr. gives 1°32 revolution. 
Ad Kew... 00° is 1°44 


— 


Wreaner *ahkee ee. tts: OF eae gS 


”? 


9? 


These two results are therefore extremely consistent with each other, 
although the treatment to which the instrument was exposed differed 
materially in the two cases. We should therefore say that the tempera- 
ture correction should not vary with change of treatment, and have 
therefore considerable confidence in applying the above value of it to 
observations made on board the ‘ Nassau.’ 


II. Correction for Change of Atmospheric Pressure. 


It is justly remarked by Captain Mayne that the readings seemed to 
vary with the barometer. 
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This correction is, however, small; and as the change of mean baro- 
metric pressure between the different latitudes is small also, the cor- 
rection will not affect the range, but it will affect the comparability of 
individual observations, and ought therefore to be determined. This 
is best done by means of the observations themselves after the tem- 
perature corrections have been applied. 

Thus we find that, when the ship was stationary at Plymouth, there 
were considerable fluctuations of the barometer, and from the obser- 
vations made there, it appears that a rise of half an inch creates a fall 
in the reading =0'18. Similar fluctuations took place while the ship 
was stationary at Magellan, and from these we obtain a fall of 0°24 for 
every rise of half an inch. 

The mean of the two, or a fall of 0:21 in the reading for a rise of 
half an inch, may safely be adopted. 

No correction has been applied for the hygrometric state of the air. 
M. Jamin has found that aqueous vapour, at the temperature of O° 
Cent., and under the pressure of 0°76 métre, would have for its index of 
refraction (if it could exist under such a pressure) the value of 1:000261, 
which is less than that of air, which is 1:000294:; the superior quantity 
of aqueous vapour would thus tend to diminish the index of refraction 
of air at the equator, as ee with that of the same pressure at 
higher latitudes. 

This action of vapour, which is very small, will be such that without 
it the residual range (which will be afterwards exhibited) would appear 
to be somewhat larger than it at present appears ; it cannot therefore 
account for the residual range, and may be in the meantime neg- 
lected. 

If we now tabulate from the diagram sent by Captain Mayne, and 
if, by means of the above-named corrections, we reduce all observations 
to 60° Fahr. and to 80 inches barometric pressure, we obtain the fol- 
lowing readings for the various latitudes between 45° N. and 45° §., 
the ship being in motion. 

Note.—Since the barometer -correction is small, and the range of 
temperature from the equator to the high latitudes of the voyage not 
much more than 20° Fahr., it has been thought unnecessary to reduce 
the barometer readings to 39° Fahr. 
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: Reading reduced : 
. Readings ee | Difference 
Latitude. reduced. ee (negative). 

45° to 40° N. 4-71 4-71 ‘0 
af) = 3 4-56 4-58 13 
25 a Bi) 4-50 4-55 -16 
ao 25 4:47 4-54 oA NF 
a) 4-45 4-54 lL Fi 
oe 1 4°35 4-47 “24 
io bO 4-31 4°45 -26 
10 — 5 4-29 4-46 bmeeeD) 
a7) 4-20) 4-39 tae 
CS: 4:20 4:42 “29 
5 — 10 4-19 4:43 18 
i 4°22 4-49 ey 
ia 0) 4-25 Ae “17 
Z20e— 25 4-18 4-49 “22, 
2 OO 4-16 4-56 oA it) 
so 4:13 4-49 22 
25 2) 4-138 4°52 9 

40 — 45 4-29 4-70 a0) 


On comparing the last number of the second column with the first 
it will appear that there is a change in the zero of the instrument ; 
presuming that this change took place during the voyage at the same ~ 
rate, we obtain column 8 corrected for change of zero, and column 4 
representing differences. 

This residual difference, which remains after all known corrections 
have been applied, is exhibited for the different latitudes in the follow- 
ing diagram (fig. 1), while the observed temperatures of these latitudes 
are also exhibited. 


Fahr. 80° 
76 


Observed 
temperatures. 
for) 
00 


~ se o ee = I : \ 
LIX LOTS I-50 2529-1 P —10—_53—_O—5 —10—13—20—2,5—3 O—Z5—FO% &d4 South 


4 
4 
a 
° 


Spectydacape: 
Residua 
differences. 
E 
bo 
oO 


In the next place, let us take the diagrams sent by Captain Mayne, 
which exhibit the readings of the spectroscope at the various places of 
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call, and correcting these as before for temperature and atmospheric 
pressure, we obtain the following results :— 


Mean of 
Station. reading re-| Readings 
Date duced to | corrected 


60° Fahr. &| for change 
30 inches | of zero. 


Name. Latitude. pressure. 
1864. 
Plymouth . . |50 23.N. Sept. 15... 4:72 4-72 
Funchal . . 32 38 _ | Sept. 28 to Oct. 2) 4-42 4:53 
St Vincent. . [16 S4%- | Oct. O tos... eee 4-44 
Rio Janeiro . .22 558 | Nov.3told . 4:29 4-62 


Monte Video Bay .|34 54 | Noy. 23 to Dee. 3) 4-09 4-53 
Dec. 1866 to Jan. 
Magellan Straits .|52 30 1867 304) 2. <). le 4-72 


We have here a result precisely similar to that obtained by consider- 
ing the observations when the ship was in motion, and we may exhibit 
the following Table, showing the residual unexplained difference appear- 
ing to be connected with latitude, as determined by these observations 
when the ship was at rest. 


Station. Residual 
difference from 
Name. Latitude. ean 
Biymout eee 9 ee tO ee 0 
Kunehal oe oe RODS 19 
St. Vineent °°. .f os se hee Oo — 2% 
Rio saneiro 0 2. a 2 FOS N: a 
Monte Video sist Sass eat: —19 
Macellanioe saa tode-b2- 30 0 


Thus, whether we take the obervations when the ship was in motion, 
or those when she was at rest, we find a very perceptible residual 
difference, the cause of which is unknown, and the tendency of which 
is to make the readings at the equator about 0°33 revolution lower 
than those at high latitudes; a decrease in reading, it may be well 
to mention, denotes a decrease of refraction, as may be seen by con- 
sidering the construction of the instrument, and as has been determined 
by direct experiment. 


J.P. Ge 
Clapham Common, May 25, 1867. 


In forwarding the preceding communication to Professor Stokes, 
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I ventured to request his opinion thereon, and with his permission beg 
to annex his reply with Mr. Stewart’s remarks. 
“Cambridge, 29th May, 1867. 

“My pnar Srr,—I have read and carefully considered your Spectro- 
scope paper, and send you my remarks. 

“On examining Captain Mayne’s diagram, we are struck with the 
paramount influence of change of temperature. I say temperature, 
without specifying whether of air or prism, for the two are nearly 
equal, so that we have not data to decide. It appears therefore that 
the small variation for temperature, previously known to exist, forms 
the leading variation observed; and the variation due to any other 
cause must be sought for in the residue left on eliminating this. 
Hence accuracy in the temperature-correction applied is oF much 
importance. 

“To what degree of accuracy then can we trust the ee eis cor- 
rection? To form a notion of this, | took* the mean temperatures and 
mean readings for the five groups of Kew observations, and the mean 
of the means. Taking the mean of the mean readings to correspond 
with the mean of the mean temperatures, and applying Mr. Stewart’s 
temperature-correction (Kew observations), namely, + 1:44 reading for 
+30° temperature, I calculated the reading for each of the five groups, 
subtracted the results from the observed readings, and regarded the 
differences as errors. The mean error is ‘19; and the difference be- 
tween two quantities subject both to errors having a mean value of 
‘19 would be given to within a mean error of *27, which being for 25° 
would correspond to ‘32 for 30°. No doubt the mean of several 
comparisons would come closer than this, but ‘20 for 30° or °13 for 20° 
may be taken to be a very probable uncertainty. 

“ Mr. Stewart’s corrected numbers are plotted in fig. 2. The curve 
pretty plainly exhibits two features, (1) a general Reece (2) a con- 
cavity turned upwards. 

“The general descent Mr. Stewart attributes, most probably correctly, 
to a progressive change in the instrument. On the assumption that the 
progressive change is uniform, the readings would be represented, so 


t cae Mean reading. oa eel egal Obs*— cale?. 
emperature. reading. 
49:8 0-71 0:98 — 27 
75°95 ZO 2:21 — 20 
515 1:13 1:05 +08 
76-7 2°48 2:25 +:23 
53°6 1-31 1:16 +15 
61:4 1:53 "19 
~ ~ Mean error. 


Ve 
Mean of means. 
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far as this cause of variation is concerned, by the ordinates of the 
straight line (dotted), fig. 2; and accordingly Mr. Stewart, asswming the 
uniformity of instrumental change, takes the difference of ordinates of 
the dotted and curve lines (fig. 2) as a quantity unexplained by known 
causes. This quantity follows very well the march of the latitude, 
or of the temperature which marches with the latitude. It would be 
removed by supposing the temperature-correction applied to be too 


great by about 
0°30 or 0°33 for 20°. 


“Such an error in the temperature-correction can hardly be said to 
be too great to be admitted. Still it is greater than we should expect 
if the London and Kew determinations apply to the state of things on 
board ship. 

“T do not think Mr. Browning’s conjecture that the progressive 
change was due to an alteration in the glass of the prisms probable. 
I should think it more probably due to a slow release from a state of 
constraint in which the instrument was left by the boltings, &c. If so, 
I should expect that the imstrument would shake itself down to a 
permanent state—that the instrumental change would be more rapid 
in the early than in the later part of the voyage. 

“Tn fig. 2 I have drawn a smooth curve by the eye following generally 
the irregular curve, with a view to clearing in - some degree the observa- 


Fig. 2. 


tions from casual errors. The curve ought perhaps to lie a little lower 
on the right, but I was anxious to lean rather towards Mr. Stewart’s view 
than the reverse. The smooth curve of fig. 2, lifted so as to cut the 
axis on the extreme right, is transferred to fig. 3. If we suppose the 
instrumental change more rapid at first than afterwards, the correction 
thence arising will be represented by the ordinate, not of a straight 
line as in fig. 2, but of some such concave (upwards) curve as the dotted 
curve of fig. 3, and the unexplained residue will be reduced to the ordi- 
nates intercepted between the curves of fig. 3. If the curves are some- 
what as I have drawn them, this residue will follow very well the march 


1867.] made with a Rigid Spectroscope. 17 


of the latitude, or of the temperature which marches with it, and may be 
removed by supposing the temperature-correction applied by Mr. Stewart 
to have been too great by about 

0:10 for 20°, 
a quantity well within the limits of uncertainty. 


Fig. 3. 


“T think therefore that the statement made in the paper—that a 
residue so and go exists after all known causes haye had their effects 
elimimated—is too boldly advanced. 

“The inference I should be disposed to draw from the observations 
18 :— 

“That the influence of the variation of gravity (or rather, I believe 
it is supposed to be, of the potential of the Earth’s attraction) does 
not exceed, in passing from lat. 45° to the equator, a change of 
refraction for the yellow of the spectrum equal to about three-fourths 
of the interval of the D-lines; and that even this small apparent 
change may be referred with great probability to known causes. 


“ As to future observations I should say— 

“YT. Let the observations be repeated on the homeward voyage (I 
presume the survey is not yet finished, and the ‘ Nassau’ is still in 
the Straits of Magellan). If the instrument has shaken down into 
permanence the result will be different (1 mean the result wacorrected 
for change of zero), and one source of uncertainty will be removed. 

“TI. Should the observations taken in the homeward voyage lead 
to the same result, repeat the observations for temperature-correction 
by means of the change naturally occurring with change of season, 
relying chiefly on observations taken during pretty uniform weather of 
whatever kind. “Yours very truly, 

“J. P. Gassiot, Esq.” “G. G. Stoxzs.” 


“Kew Observatory, 31st May, 1867. 
“My prar Str,—I have read Prof. Stokes’s remarks on your pro- 
posed communication regarding the rigid spectroscope, and before 
adverting to any point on which we may have a difference of opinion, 
it may be well to remark that we both agree that the experiment in its 
present state is not decisive—in any case more obseryations must be 
VOL. XVI. Cc 
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made. Acknowledging with him that the variation due to any other cause 

than temperature must be sought for in the residue left on eliminating 

the temperature-correction, I yet venture to differ with him regarding the 

degree of accuracy to which we can trust the temperature-correction. 

“Referring to Prof.Stokes’s numerical results, I should object to 
found any theory upon the first-noted reading °71. 

“The rigid spectroscope was- unfortunately brought to Kew only one 
day before the temperature experiments (instituted more particularly 
for the magnetographs) commenced, and only two readings were taken 
before the temperature was raised. I believed it only right to include 
these two in the account given of temperature observations, but I take 
this opportunity of saying that I do not attach much value to the 
mean of these two. 

“Tf these two be excluded, Prof. Stokes’s Table will be modified in 
the following manner :— 


Mean : Deviation from } 
; Mean read Calculated Observed 
seas te ay, sheen” 6 Pa eee reading. — calculated. 
Hee fates SA Mol a ee 2-26 95 
| 515 1:18 —12'8 1-13 00 
Te 2°48 +12°4 2°31 +17 
536 1°31 —10°7 1:28 +08 


giving an error much less than that shown by Prof. Stokes. 
“If now we compare together the temperature-corrections for 30° of 
range, as determined at the Minories and at Kew, we find— 


Difference 

from mean. 
(A) Temperature-correction for 30° at the Minories =1°32 ... —‘06 
(B) ‘ % 33 Kew 1:44... +°06 


Mean ...... 1°38 


“TI should imagine the set of observations taken on board to be com- 
parable in number and accuracy with either (A) or (B), and I should 
expect, on the supposition that the temperature-correction may be deter- 
amined equally well by land and by sea observation, to obtain a result 
differing from the mean of (A) and (B) by a quantity something like -06. 
If temperature-correction be the same at land and at sea, I think 
therefore that the residual difference observed at sea cannot be attri- 
butable to an imperfect estimation of temperature-correction. 

“ Prof. Stokes next suggests that the progressive change of the instru- 
ment may have been greatest at the first part of the voyage. Allowing 
as the greatest possible extreme though very improbable case, that 1% 
all took place before the equator, that would still leave a difference of 
‘09 revolution to be accounted for. . 

“ But this supposition cannot evidently be entertained ; indeed, as the 
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instrument was nearly two years old when it went to sea, there is a 
difficulty in supposing that the correction was very much greater at 
the first half than at the second half of the voyage. 

“Qn the whole I should be disposed to state the result in the 
following manner :— 

“That the influence of the variation of gravity does not exceed, in 
passing from lat. 45° to the equator, a change of refraction for the 
yellow of the spectrum equal to about three-fourths of the interval 
of the D-lines; but more observations must be made before it. can 
be asserted that this apparent change is not due to known causes. 


“ Yours very truly, 
“J. PB. Gassiot, Esq.” «B. STEWART.” 


So favourable an opportunity of making correct observations with 
a delicate apparatus like the rigid spectroscope may not again offer, 
and consequently, in acknowledging the receipt of Captam Mayne’s 
letter of 17th Feb., an extract from which is inserted in the preceding 
communication, I explained how desirable it will be while the ‘ Nassau’ 
remains in the Straits of Magellan if one observation on each day is 
taken, or two when any very considerable range of temperature 
occurs, for the purpose of being made use of both for change of 
zero and as checks upon temperature observations to be taken on 
shore on the return to this country, as otherwise the observations 
thereon would not be so useful. 

Should it be found practicable on the return of the ‘ Nassau,’ it is 
purposed to take a few days’ readings before the spectroscope is 
removed from the ship to Kew Observatory, as this would much pro- 
mote the correctness of the final result which may then be anticipated. 


dee. G. 
Clapham Common, June 3, 1867. 


III. “ On some Elementary Principlesin Animal Mechanics.” By 
the Rev. Samuset Haventon, M.D., Fellow of See College, 
Dublin. Received May 15, 1867. 2 

- There are some elementary principles in animal mechanics which are 
so natural that they may be assumed as probable, and as such, have not 
_received from observers the attention they really deserve. : 

Among these principles I select for illustration the two following: — 

i. Lhe force of a muscle is proportional to the area of its cross section. — 

ii. The force of a muscle is proportional to the cross section of the 
tendon that conveys its influenee to a distant point. 

i, In order to test the first of these statements, 1 made a careful exami- 
nation of the cross sections of the muscles that bend the fore arm and leg, 
in a very finely developed male subject, with the following results :— 

Neglecting the slight effect of the Supinator radii longus in flexing 

C2 
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the fore arm, I found the cross sections of the Biceps humeri and Bra- 


chigus to be as follows :—— 
Cross section. 


Le, Biceps humert ee ve oe ne sae 
Qs: BYaChi@Us 66 we es oe 
3190 


The cross sections of the muscles that bend the leg were found to be 
in the same subject— 


1. Biceps femoris (long head) . . . . . 2°59 sq. in. 
- (short head) .-. 2. .A%-, ieleuuee 
2. Senutendinosus . 0. te ee 
B. Nemimemoranosus. ... 4 2 . « . . 22a 
Ae AG rants) ie. AA SE, FO EO Se 
De MOATLOTUUS! ee ee we a en 
9-33 


When the arm was held vertically, and the fore arm horizontally, with 
the fist shut and in supination, I found that 39 lbs. was the limit of the 
weight that could be lifted when suspended at 127 inches from the axis 
of the elbow-joint ; and that the perpendiculars let fall upon the direc- 
tions of the muscles from the same axis were— 

1. Biceps humeri oo hae ah BS, S22 nee ae 

2. BVACIICUS Vo a EON 
Hence if K denote the force of the muscle, per square inch of cross 
section, we have, adding 2lbs. for the weight of the fore arm at 123 inches 
from the axis of the joint, 


; 1:91 x 2:06 
Bk = 
41 lbs. x 124 inches= K x | 41:28 x1-07 } 
an 8-935 
5023=K x { ‘areas \ 
=K x 5:304 
and finally K=94-7 lbs. 


This represents the force per square inch of cross section that the 
muscles flexing the fore arm are capable of exerting. 

In order to measure the force of the muscles flexing the leg, I placed 
the observer lying upon his face upon a table, with the legs extended 
over its edge, and having fastened down the thighs, I observed the 
maximum weights, suspended from the heel that could be conveniently 
lifted, and found that 34 lbs. was the limit; to this must be added 8 lbs. 
for the weight of the leg, supposed suspended at the heel, which was 
measured as 163 inches from the axis of rotation of the knee-joint. The 
perpendiculars let fall upon the directions of the several muscles flexing 
the leg were then measured :— 
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Perpendicular 
itebicepsijemores (lone head) “2°: . °. 9) 2 0-'95amt 
5; (horti head!) . 9720) a O:568 
De Semitenaimosus OPO ee fo 2520:40: >. 
a= Semememoranosus. "5 OL AO OB 
PRGHICUISHNS IRMA Verse 10 Lines KODE .,, 
DeSOTLOrUUS. .  . % ore Coe O00, 


Hence we find, for the deerimnation of K (the coefficient of muscular 
contraction per square inch of cross section), 
( — 0°95 x 2°59 


056x114 
Sn i6 he Ke ooo OX EBT 
+0°65 X 2°25 7 
| +0:25 x 0:89 
| +0:00 x 0:59 
Or, 
( 2-460 
| 0°638 
6l0s=Kx 4 T0788 
+1462 
+0222 
|. +0:000 
5-530 
and, finally, 
K=O? =110-4 Ibs. 


It appears from the foregoing poeecon that the force of contrac- 
‘tion of the muscles, per square inch, is in 
dhe armaieasi ll seus sow (ies (947 bs: 
Rhedeay aided Wisi) needy LILO 
These numbers are, perhaps, as near to each other as this class of ob- 
servations admits of, but I believe that they do not differ so much, 
really, as they appear to do, for the following reason :— 

As it was not convenient to procure a good subject destroyed by a 
violent death, I made use of a powerful man who had died of cholera *, 
and who had been a blacksmith by profession. Now, it is natural to slip- 
pose that the muscles of the arm of a blacksmith are more developed 
than those of his leg, so that their cross section would be relatively too 
great, and the coefficient derived from that cross section, therefore, too 

* It is well known that after death by Cholera, life continues in the muscles, and 
manifests itself for some hours by movements, and by the existence of the muscular 
susurrus, This latter fact, the first notice of which belongs to Dr. Collongues, of Paris, 
I have repeatedly verified, as also the continuance of the swswrrus in cases of death by 
tetanus. It appeared to me, therefore, that such a subject as I selected was one well 
suited to the purpose of my observations. 
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small. I therefore compared the sections of the Biceps hwmeri and 
Brachieus, found by me, with the only other measurements, with 
which I am acquainted, for the knowledge of which I am indebted - 
to Dr. W. Moore of Dublin, who translated the results for me, from 
the Dutch, of Messrs. Donders and Mansfelt * of Utrecht. 


Cross Sections of Biceps humeri and Brachieus. 


. avid millims. sq. in. 
1. Biceps humert (ong head) .. . . . 580 0821 
‘, (short) head) - 2.4%) 4:4 see 0-701 

2. “BPACKLEUS ime. Wheel ee cE) 8” eae 0°952 
1596 2°47 4: 


If this estimate of the cross section of the muscles be assumed in- 
stead of my own, the coefficient found by me should be increased in the 
proportion of 3190 to 2474; or 


Coefficient of muscles of forearm . . . 94°7%x Sal Ibs. 

The mean of the coefficients found from my own measurement of the 
muscles of the arm, and that of Professor Donders, is 108°4lbs., which 
agrees nearly with that obtained from the muscles of the leg, viz. 
110-4 lbs., andthe mean of all the observations on arm and leg would 
be 109°4 Ibs., a result which I consider to be not far from the truth. 

The cross sections of the muscles were found by cutting them across 
with a sharp scalpel, and marking out their section on cardboard, and 
afterwards weighing the marked portions, the weights of which were 
then compared with the weight of a known number of square inches of 
the same cardboard, and so the cross sections in square inches calculated. 

I give here, for the purpose of illustration, the actual sections of the 
senaclles of the leg. (Higs. 1-6.) 4 

The perpendiculars let fall upon the directions of the muscles were 
measured by stretching strings from the origin to the insertion of the 
muscles, and measuring, by means of a compass, the perpendiculars let 
fall upon these strings from the axis of the joint. 

The weights of the muscles themselves were as follows :— 


OZ. OZ. 
1. Biceps humert . . 4°22 5. Semimembranosus . 7:25 
2. Brachieus.:. .... 5°04 G; Gracilis,\ . just nee 
3. Biceps femoris . . 10°74 7.- Sqntorius . = i) eae 
4. Semitendinosus . . 517 fant 


i. The principle of economy of force or of material in nature would 
lead necessarily to the principle that each tendon conveying the effect 
of a force to a distant point should have the exact strength required, and 
neither more nor less; for, according to the doctrine of final causes, it 
was originally contrived by a perfect architect, and according to lLa- 


* Over de Hlasticiteit der Spieren. Utrecht, 1863. 
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marckian views it must have perfectly accommodated itself to the uses 
to which it is applied. According, therefore, to either view, if the 
tendon be too strong, it will become atrophied down to the proper limit; 


Fig. 1. Fig. 2. 
P ae i 
Need Boon 
niall Biceps 
cart ato , (short head). 
~~ Biceps (long head). 
Fig. 3. Fig. 4. oe he 
Flexor perforans, (Rhea.) 
Fig. 8. 
Semitendinosus. Semimembranosus. Flexor hallucis. (Rhea.) 
Fig. 5. Fig. 6. 
a Gane coaster 
Gracilis. Sartorius. 


and if too weak, it must either break, or be nourished up to the requi- 
site degree of strength. It seemed to me desirable to prove this funda- 
mental proposition in animal mechanics by direct observation ; and I 
selected for this purpose the tendons in the leg of several of the large 
running birds (Struthionide); and always with the same result, viz., 
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that the cross sections of any two muscles tending to produce a similar 
effect are directly proportional to the cross sections of their tendons. 

I shall select as an example the case of the flexor hallucis longus and 
flexor digitorum communis perforans of the Rhea, whose tendons unite 
into a common tendon halfway down the posterior side of the canneon 
bone of the bird. 

The cross sections of these two muscles are shown in the annexed 
figures, taken as in the human subject. (Figs. 7 and 8.) 

The areas of these cross sections were found to be as 245 to 160; or 
the lesser was 65 per cent. of the greater. 

Two equal lengths of the dried tendons were then weighed and found 
to be in the proportion of 845 to 495, which was assumed to be the 
proportion of their cross sections. The lesser of these numbers is 
59 per cent. of the greater; a result that seems to be as near to the 
former result derived from the muscles, as can be expected in this class 
of experiments. 


IV. “Observations on the Anatomy of the Thyroid Body in Man.” 
By Grorcs W. Catiznper, Lecturer on Anatomy at St. 
Bartholomew’s Hospital. Communicated by Mr. Pacer, Re- 
ceived June 8, 1867. 

(Abstract.) 


Much doubt exists as to the earliest connexions of the thyroid body, 
whether it is developed, that is to say, with the membranous air-tube, 
or has a common origin with the thymus gland. There are no re- 
liable observations as to the formation of the isthmus or as to the origin 
of the pyramid, so far, at least, as man is concerned, although, with 
reference to the isthmus, its absence in an entire class, that of birds, 
and the observations of Gray on the formation of the thyroid in the 
chick, countenance the supposition that it results from the growing 
together of two lateral masses. 

In a human foetus, between the seventh and eighth week, the thyroid 
body is closely connected with:the trachea and with the lower edge of the 
larynx, and although consisting of but one piece is deeply notched, and 
thus looks as though made up of three separate lobes. It is quite 
distinct from the thymus, as may be further seen in the dissection of 
a foetal rabbit or foetal pig, in which, whilst firmly attached to the 
trachea, it has no kind of connexion with the thymus. In the human 
foetus no distinct evidence of the thyroid appears to exist before the 
sixth week, up to which time it cannot, I believe, be isolated from the 
structures in front of the neck. It seems to come out from the blastema 
in the form of a mass in front of the trachea, and quickly acquires an 
imperfectly lobed appearance. 

In the dissections referred to, the presence of a middle portion and its 
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equal development with the lateral lobes lead to the inference that this 
central part is present from the earliest period, and that the thyroid 
isthmus is not formed by a growing together of two distinct sidepieces. 
In examining the thyroid in foetal dogs, cats, and hares, I have always 
found the middle portion equally developed with the side lobes, and 
bounded by notches which seem to define it from them. With the growth 
of the foetus the central part appears to flatten, losing the rounded, 
lobular condition, and sometimes disappears. The isthmus is formed 
from the smaller, middle, division uniting’the other two; but there may be 
an absence of isthmus through failure of this union, the middle portion 
joining the right or left lobe, or a small middle lobe may remain distinct 
from the other two. The pyramid is very commonly met with in the 
foetus, and is clearly an outlying part of the body, sometimes represented 
by bud-like projections, sometimes consisting of a process which reaches 
to the hyoid bone. It is probable that these outgrowths from the fetal 
thyroid often shrink and disappear with advancing years. 

The dissections of the human feetus lead to the following conclu- 
sions:—(1) The thyroid is developed in connexion with the air-tube, 
and has no relation with the thymus. (2) It does not consist of two 
separate lateral masses, and the isthmus is present from the first as 
a distinct central portion. (8) The pyramid is an outlying part of 
the body, presenting, during fcetal life, all possible variations as to shape 
and site. 


V. “On the Physical Constitution of the Sun and Stars.” By G. 
Jounstone Stoney, M.A., F.R.S., F.R.A.S., Secretary to the 
Queen’s University in Ireland. Received May 15, 1867. 


(Abstract.) 


An attempt is made in the memoir of which this is an abstract to take 
advantage of the insight we have gained within the last few years into the 
molecular constitution ef gases, and the laws which regulate the exchanges 
of heat that take place between bodies placed in presence of one another, 
and to apply these new materials to the interpretation of the phenomena of 
the photosphere of the sun, the appearances presented during total eclipses, 
and the information about both sun and stars given by the spectroscope. 

In an inquiry like this, where we are obliged to put up with such proofs as 
the materials at our disposal can supply, we must be content to accept re- 
sults of every variety of probability, from that degree, bordering upon cer- 
tainty, which commands an unhesitating assent, to that of which the chief 
scientific value is that it prompts to further investigation and points out a 
path. Those who read the memoir itself will best judge of the probability 
of each conclusion from the proofs laid before them; but in this sketch of 
its contents it may not be useless to indicate what is the value put upon 
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each result by the author, since the proofs must in many cases be entirely 
omitted. It will be convenient to do this by numbers. 

The probability 4, then, is to be understood to imply that the matter in 
hand appears to the author to be fully made out. He would, for example, 
' assign this probability to the wave-theory of light, and to the main features 
of the theory of the molecular constitution of gases which have been worked 
out by Clausius and others within the last twenty years. The number 1 
will be used where an hypothesis agrees so well with such of the pheno- 
mena as are known, that it is concluded that it must be either the true ac- 
count of them, or bear some intimate relation to the true theory; 2 will 
indicate that we have good ground to conclude our hypothesis to be the 
true theory, although at the same time the evidence is too scanty or con- 
flicting to free us from hesitation ; 3 will indicate a proof so strong that we 
should be very much surprised if anything were eventually to disturb it ; 
4, as has been already stated, will mark a conclusion fully made out; and 
to complete the series, 5 may be used for that demonstrative proof of which 
few subjects of inquiry are susceptible. 

‘Observations with the spectroscope have made known to us that the sun’s 
outer atmosphere, that is, the part of the atmosphere which extends out— 
side the photosphere, is a mixture of many gases, amongst which hydrogen, 
sodium, magnesium, calcium, chromium, manganese, iron, nickel, cobalt, 
copper, zinc, and barium—all of them permanent gases in consequence of 
the temperature—have been detected. Now it is shown to be a necessary 
consequence of the molecular constitution of gases that in such an atmo- 
sphere, decreasing in temperature from within outwards, the various consti- 
tuent gases are not everywhere equally mixed, but that in the upper regions 
those which have the lightest molecules rise the furthest, so that the gases 
overlap one another in the order of the masses of their molecules (proba- 
bility 5). It also follows from a consideration of the vapour-densities and 
atomic weights of the chemical elements, with probabilities which range 
from 4 to 1, that those which are present in the sun’s atmosphere have 
molecules with masses increasing in the order in which their names have 
been printed above, the molecules of hydrogen being the lightest. This, 
then, is the order in which the boundaries of these gases would be met with 
in descending from the surface of the sun’s atmosphere downwards. 

This result is abundantly confirmed, and in its main features raised to 
probability 4, by observations with the spectroscope. ach constituent of 
the solar atmosphere is opake to those rays which it emits when incandes- 
cent, and which constitute its spectrum. In this way all the light of these 
particular wave-lengths which has been emitted, either by the photosphere, 
or by the lower and more intensely heated strata of a gas in the solar at- 
mosphere, is stopped in its passage outwards, and the gas substitutes for it 
the much more subdued light which emanates from its own upper and 
therefore coolest stratum. Nowif the view enunciated in the last paragraph 
be true, these outer layers of the respective gases, from which the rays as 
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we see them come, must be at very various temperatures, that of hydrogen 
being the coldest, and the others in order after it. This is precisely in 
conformity with the observations. The rays of hydrogen, sodium, and 
magnesium emanate from a region so cold that the lines of these elements 
in the sun’s spectrum are intensely black in whatever part of the spectrum 
they may occur; in other words, the light proceeding from the upper 
layers of these gases is so feeble that it is not in any perceptible degree 
luminous when placed in contrast with the intense background of light 
from the photosphere. On the other hand, calcium, iron, and the rest, 
while they produce only black lines in the violet and indigo, give rise to 
Imes which are sensibly less dark in the blue, and to lines which emit a still 
more considerable amount of light in the green, yellow, orange, and red, 
those colours in which a body gradually heated begins to glow. 

A detailed scrutiny of the lines emitted by the various gases leads to 
several interesting results. Hydrogen and iron are the two most abundant 
constituents of the sun’s outer atmosphere, and play in it the same part 
which nitrogen and oxygen do in the earth’s. There is but the merest 
trace of sodium present. The other gases are met with in intermediate 
quantities. Again, barium cannot have a vapour-density so high as would 
appear as first from its atomic weight, and therefore probably belongs to the 
same class of elements as cadmium and mercury, which have vapour-densi- 
ties half of what correspond to their atomic weights. To these several re- 
sults we may attribute the probability 3. 

The photosphere consists of two strata which may be distinguished. 
The outer of these is shown to be cloud in the ordinary sense of the word, 
that is, solid or liquid matter in a state of minute division, and denser than 
the part of the atmosphere in which it is dispersed (probability 3). This 
cloud is precipitated from its vapour by the chill produced by its own 
abundant radiation towards the sky, a chill which constitutes the shell of 
clouds a surface of minimum temperature considerably cooler than either 
the layer above it or the layer beneath (probability 3). The hotter layer, 
which is outside the luminous clouds, seems to have a depth somewhat 
greater than the length of the earth’s radius (probability 2). Just outside 
it there is a second layer of luminous clouds, but so excessively thin that 
they can be seen only during a total eclipse, on which occasions a portion of 
them has been seen under the form of two arcs of cloud extending for some 
distance on either side of the points of first and last contact, where alone a 
sufficiently low part of the sun’s atmosphere was disclosed (probability 3). 
Above these there soar other clouds raised by causes which will be referred 
to further on. 

About the middle of the hot stratum over the photosphere there is a sur- 
face of maximum temperature, outside which the temperature decreases 
almost continuously to the limit of the iron atmosphere. A little outside 
_ this there is a second very feeble maximum, the temperature of which falls 
short of the heat of the flame of a Bunsen’s burner; and outside this, 
through the immense height which is tenanted by sodium, magnesium, and 


28 Mr. G. J. Stoney on the Physical [June 20, 


hydrogen alone, the temperature goes on decreasing till it becomes exces- 
sively cold. These results are made out with probabilities 2 and 3. 

- Within the luminous clouds the temperature very rapidly waxes, and the 
density, too, appears to receive a nearly sudden increase. All gases with a 
vapour-density more than about eighty times that of hydrogen are imprisoned 
within the shell of clouds by the comparative chill which there prevails, 
cooperating with the intensity of the force of gravity exerted by the sun. 
Between the film of clouds and the stratum immediately beneath there are 
violent motions of convection, which both carry up fresh vapour to be con- 
densed into cloud, and carry down the cloud into a region where it becomes 
mist and rain. It is convenient to restrict the word cloud to cloud in that 
situation in which it can form, giving the names mist or rain to the cloud 
when carried down, either by currents of convection or by subsidence, into 
a position from which there is not that abundant radiation towards the 
sky which is essential to its forming. The clouds, in this restricted sense 
of the term, are everywhere of a gauze-like transparency to admit of the 
copious radiation towards the sky which is requisite ; and this enables spec- 
tators upon the earth to see through them the light emitted by the mist and 
rain beneath. This mist and rain seem everywhere, except in the solar 
spots, to be dense enough to be opake, and therefore emit the maximum 
light corresponding to their temperature. This temperature is higher than 
that of the clouds, and accordingly the mist and rain constitute a back- 
ground brighter than the luminous clouds. 

Hence the finely-granulated appearance of the surface of the sun, the 
currents of convection creating a kind of honeycombed structure in the 
stratum of clouds; the ascending currents carrying up hot vapours in which 
only excessively thin cloud can form, since under these unfavourable cir- 
cumstances its lowest parts cannot tolerate even the slight obstruction to 
their radiating freely which a cloud of the average density would offer ; and, 
on the other hand, the descending currents carrying down those portions 
which by prolonged radiation have cooled down abnormally, and thus be- 
come both more opake by the condensation of more cloud, and less bright. 
Those portions which by the most persistent radiation cool down the most, 
seem to furnish the very dark specks which have been taken notice of by 
observers. 

Hence also arises the gradation of light which is observed upon the sun’s 
disk. In the middle of the disk we look vertically through the honey- 
combed structure which has been described, and see through it the brighter 
background almost without any intervening obstruction. But as we turn 
our eyes towards the margin of the disk, we look more and more obliquely 
across the columns, which progressively intercept increasing quantities of 
the brighter light from beyond, and substitute for them their own feebler 
radiations. 

If by disturbances in the atmosphere the hotter stratum on either side 
is made in certain places to encroach upon the luminous clouds, they are 
unable to maintain in this situation as low a temperature as elsewhere, and 
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therefore become abnormally thin. If this process is not carried so far as 
to put a stop to the incessant rain beneath the clouds, their increased 
transparency will give rise to a facula when the phenomenon takes place 
on a large scale, and to the coarsely mottled appearance of the photosphere 
where it presents itself in smaller patches. Hence we see why a facula 
retains its brightness up to the margin of the sun’s disk, a phenomenon 
which is inconsistent with the usually received hypothesis that the grada- 
tion of light on the sun’s disk is due to the absorption of the outer atmo- 
sphere. If the rain also cease we have the penumbra of a spot; if the cloud 
itself is dissolved away, we have its umbra. 

The dark body which is disclosed inthe umbre and penumbre of spots 
must be either an untarnished ocean of some highly reflecting opake sub- 
stance, or a cloud of some transparent material which scatters light abun- 
dantly. Both hypotheses are fully considered. 

To most of the foregoing conclusions relating to the photosphere and 
the adjoining parts we may safely accord the probability 3, 
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We have strong reasons for suspecting that the luminous clouds consist, 
like nearly all the sources of artificial light, of minutely divided carbon; and 
that the clouds themselves lie at a very short distance above the situation 
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in which the heat is so fierce that carbon, in spite of its want of volatility, 

and of the enormous pressure to which it is there subjected, boils. The 
- umbra of a spot seems never to form unless when the region in which carbon 
boils is carried upwards, or the hot region above the clouds is carried down- 
wards, so as to bring them into contact, and thus entirely obliterate the 
intervening clouds. It is, however, not safe to attribute to the results 
stated in this paragraph a probability of more than 1. 

The trade-winds which blow over the surface of the photosphere are also 
inquired into. These seem to arise, as Sir John Herschel suspected, from 
the oblate form of the sun causing a difference in the escape of heat from 
his poles and equator. There are ascending currents at the poles, descend- 
ing currents all round the equator. This produces a region of equatorial 
calms bordered on either side by zones, in the northern of which south-east 
trades prevail, and in the southern, north-east. These are succeeded by 
variable winds in the regions of spots, beyond which the polar current blows 
over the surface of the photosphere in the form of a north-west trade in the 
northern hemisphere, and a south-west trade in the southern. In the 
region of spots, both the polar and equatorial currents make their way to 
a higher level, and in doing so heave up into a colder situation considerable 
portions of the upper layer of excessively thin cloud, that which is seen only 
during eclipses. This, though it may at first take place comparatively gently, 
will be succeeded by a violent upward motion, because the cloud when 
raised to a cool region will retain a temperature bordering upon that of the 
photosphere. When this occurs it will both produce the phenomenon of 
overhanging clouds seen during eclipses, and give rise to a violent cyclone 
in the regions. beneath, immediately over the photosphere. There is no 
other part of the sun upon which these conditions prevail: hence the limi- 
tation of spots to two bands parallel to the equator. To these results we 
may assign the probability 2. 

In the next branch of the inquiry we are obliged to have pretty free re- 
course to speculation; and the results, though there is much to be said for 
them, must be received with the caution which becomes us when we are 
not at liberty to award a probability higher than 1. We are forced to 
invoke an external agent to account for the periodicity of the spots; and 
that which is submitted as apparently the most probable, is a swarm of 
meteors like those which visit the earth in November every thirty-third year, 
but extended into a much longer stream. These while they pass through 
the sun’s atmosphere would warm the upper regions above his equator, and 
thus tend to enfeeble the causes which produce the trade-winds. Hence 
upon each such visit, the trade-winds, the storms which result from them, 
and the spots which these occasion would all be moderated. It is remark- 
able that this hypothesis accounts also for the fact that spots prevail more 
in one hemisphere than the other, inasmuch as the meteors must act more 
on one hemisphere than the other, and lessen in it the causes that produce 
spots, unless we make the highly improbable supposition that the axis 
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major of the orbit of the meteors lies just along the line in which its plane 
intersects the plane of the sun’s equator. Itis also very remarkable that the 
interval of time in which the spots go through their mutations, which we 
must of course adopt as the periodic time of the meteors in their orbit, 
assigns to them an aphelion distance outside and close to the orbit of one of 
the principal planets, Saturn. here is therefore very considerable ground 
to suspect that there is such a swarm of meteors which was diverted into 
the solar system by Saturn* at no very remote epoch—just as our 
November meteors were brought in by the planet Uranus in the year 126 
of the Christian era. 

Finally, it is shown that an hypothesis which has found much and de- 
served favour of late years, that the heat expended by the sun is continually 
restored to him by the falling in of meteors which had been circulating 
round him, is no longer tenable. 

The second part of the memoir treats of other stars. The differences in 
their appearances are found to depend mainly on differences in the force of 
gravity exerted at their surfaces. Where gravity on a star is feebler than 
on the sun, either from the mass of the star being less, or from its bemg 
so dilated by heat that its outer parts are further removed from its centre, 
gases which by reason of the mass of their molecules are imprisoned within 
the photosphere of the sun, will, when less attracted downwards, be able to 
stand the coolness of the shell of clouds and pass beyond them. Thus 
mercury, antimony, tellurium, and bismuth, all of which have too high a 
vapour-density to exist in the sun’s outer atmosphere, show themselves in 
that of Aldebaran. Again, in these stars all the gases of the outer atmo- 
sphere expand until their upper layers, those from which their spectral 
lines issue, are cooler than on the sun. These spectral lines will accord- 
ingly be darker than on the sun, and as this will tell with most effect on 
the blue end of the spectrum, it will render the light from these stars ruddy. 

On the other hand, those stars which, either from being of greater mass 
than the sun, or from being less hot in their internal parts, attract down 
the gases of their outer atmospheres with more force, constitute the class 
of intensely white stars with a somewhat violet tinge, of which Sirius and 
a Lyre are examples. Several of the substances which in the sun’s spec- 
trum give rise to faint lines, are on such stars confined within the photo- 
sphere; and the lowest temperature which others of them can withstand, 
is by reason of the force with which they are attracted downwards, hotter 
than the corresponding temperatures of the sun. Hence the substances 
which on the sun cause his numerous dark lines—sodium, magnesium, cal- 
cium, chromium, manganese, iron—produce in the spectrum of the star 


* The attraction of Jupiter would also have been competent to divert a cluster of 
meteors into an orbit of the requisite form and dimensions; but the situation of the 
orbit would in that case have caused the meteors to cross the path of Jupiter, so that the 
planet would have acted ever since as a powerful dispersing agent, and it does not seem 
likely that such an influence has been in operation. 
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lines equally numerous, but faint. There is but one exception to this. 
Hydrogen has a molecular mass so amazingly low (one twenty-third part 
of the mass of molecules of sodium, the nearest to it in this respect of the 
known constituents of stellar atmospheres), that there is probably no star 
which can exert a force of gravity so powerful as to compel hydrogen to 
limit itself to temperatures which show in any part of the spectrum a per- 
ceptible degree of brightness when placed upon the background of the pho- 
tosphere. In all stars accordingly in which hydrogen appears at all, the 
four hydrogen lines are found intensely black. _ 

We see, then, why solitary stars are found of some particular colours only. 
Stars which exert upon their outer atmospheres a force of gravity as great 
or greater than the sun’s are white: those on which gravity is a less force 
are of some ruddy tint,—yellow, orange, or red. The foregoing results are 
adjudged to be of probability 4, thatis, fully made out. 

Those stars in which the force of gravity is very much less than on the 
sun appear to form a distinct subclass. ‘The four hydrogen lines are not 
found in them, and at the same time new spectral lines, arranged in bands 
each of which is closely ruled and fades off on the less refrangible side, 
make their appearance. May we not here venture the suspicion that when 
gravity upon a star is below a certain limit, such conditions prevail as com- 
pel the hydrogen which would otherwise be free, to enter into combination 
with some other element of low vapour-density ; and that the resulting 
compound emits that spectrum of the First Order, as Plucker has called it, 
which we see ? 

To account for the colours of the companions of double stars we are again 
forced to enter upon speculative ground. If the sky be peopled with count- 
less multitudes of dark stars, which as well as the small number that are 
visible, move only in virtue of their mutual attractions, it cannot be an ab- 
solutely unusual occurrence for two stars to come into collision. Whenever 
this happens, either the two stars emerge from the frightful conflagration 
which would ensue as one star, or, if they succeed in disengaging them- 
selves, they will be found after the catastrophe moving in new orbits. If 
their previous courses had been parabolic, it can be shown that the new re- 
lative orbit will be elliptic. Hence they will return to the charge again 
and again, and at each perihelion passage there will be a fresh modification 
of the orbit. It is shown that these modifications will in some instances 
be such that the perihelion distance will be constantly on the increase, so 
that the stars will, in their successive perihelion passages, climb as it were 
asunder through one another’s atmospheres. And the distance to which 
they will ultimately withdraw before they separate will of necessity be im- 
mense, since their atmospheres must have been dilated to a vast size by the 
friction to which they have been subjected. As the stars recede from one 
another the amount of heat which they generate at each perihelion passage 
is progressively less and less, until at length the atmospheres of the stars 
shrink in the intervals between two perihelion passages more than they ex- 


1867. ] Constitution of the Sun and Stars. 33 


pand when the brush takes place. When this happens the final separation 
of the two stars is imminent, and a new double star is on the point of being 
permanently added to the sky. 

The astonishing appearances witnessed last year in T Coronz seem to 
receive an easy explanation upon this hypothesis. They are exactly what 
we should expect upon the occurrence of one of the last perihelion passages 
that take place before two stars which are in the state of transition into a 
double star finally separate. The outer parts of the atmospheres becoming 
engaged would raise to incandescence the region in which hydrogen only 
is found, thus transforming what had previously been its four dark lines 
into intensely bright lines. At the same time the strata that lie further 
down would be very sensibly heated, though not to incandescence—quite 
enough, however, to lessen temporarily in a very material degree the extent 
to which they at other times subdue the light of the photospheres. This 
extent would of necessity have been very great, inasmuch as the enormous 
dilatation of the atmospheres must greatly enfeeble the force of gravity upon 
the outer strata of both stars. 

Again, it follows as a consequence of this hypothesis that the circum- 
stances which most favour the formation of a double star are when the two 
bodies that come into collision are of nearly equal mass. Such cases must 
be rare; but when they do occur, there is a very high probability that the 
issue will be a double star. This appears to accouut for the fact that a 
very remarkable proportion of double stars have constituents of nearly the 
same magnitude. 

Another consequence is that when the stars are very unequal, the com- 
panion will, as it plunges over and over again through the atmosphere of 
the primary, be gradually deprived of several of its lighter gases; so that 
when it finally gets clear it will not emit the principal spectral lines of a 
solitary star, but others which emanate from denser gases. ‘This probably 
accounts for the blue, violet, and green colours which are found in the mi- 
nute companions of double stars. 

Another consequence is that the orbits of double stars wiil almost always 
have a considerable ellipticity. 

Another consequence is that the conditions are likely not unfrequently 
to arise which would separate the companion into two or more fragments ; 
and that when this happens, the separate pieces will pursue paths which 
are distinct from one another and not far apart. This seems to account for 
such systems as y Andromede. 

When the same conditions act with unusual violence they would pro- 
bably break up the companion into numerous fragments ; and it is remark- 
able that they would at the same time be likely to cause the primary to 
throw off a number of rings. The fragments and the rings would move all 
in the same direction and nearly in the same plane, and each fragment 
would rotate rapidly in the direction in which it revolves in its orbit. 
When the fragments, as must generally happen, are of inconsiderable mass 
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their orbits would be almost certain to degrade from ellipses into circles 
before they got quite clear of the primary. Some would probably be found, ~ 
when this happens, at the distance of the rings, others within the surface of 
the primary, none beyond both. Those within the surface of the primary 
would fall into him and be lost. But one that lay within a ring would 
gather by its attraction the ring round itself, and so become covered with 

an immense atmosphere with which it would continue to rotate while ad- 
- vancing in its circular orbit. If this rotation were sufficiently swift, the 
new planet would throw off rings which might afterwards condense into 
satellites, with this peculiarity, that they would always keep the same face 
turned towards the planet, and revolve round. it in the same direction and 
nearly in the same plane in which the planet revolves round its sun. 

The speculative element in this hypothesis is so considerable that per- 
haps we may not prudently yield to it a probability higher than 1. But 
an hypothesis which carries up so many of the main phenomena of nature 
to a single source, and which only asks us to admit what is not antecedently 
improbable, that the number of incandescent starsis but a small proportion 
of all that exist, seems nevertheless to deserve to be stated. 


VI. “Researches on the Hydrocarbons of the Series C” H?**?,— 
No. Hi.” By C. Scnortemmer. Communicated by Prof. G, 
G. Stokes, Sec. R.S. Received May 15, 1867. 


1. Di-Isopropyl, C,H, 

Todide of isopropyl is not perceptibly ae spar by sodium even if the 
liquid is heated to the boiling-point; but if anhydrous ether perfectly 
free from alcohol is added, a reaction soon commences without appli- 
eation of external heat; the liquid becomes warm, and the iodide is decom- 
posed with formation of icdide of sodium. The chief products of this 
reaction are, (1) propylene, from which bromide of propylene was ob- 
tained by passing the gases which are evolved through bromine; (2) a 
gaseous hydrocarbon, which is not absorbed by bromine and which burns 
with a luminous flame, probably consisting of hydride of propyl; and (3) 
a liquid hydrocarbon, which, according to its composition and mode of for- 
mation, must be considered as di-isopropyl. By the following method I 
obtained the largest yield of this liquid. A flask holding about 250 eub. 
centims. was half filled with iodide of isopropyl (which had been prepared 
by acting with hydroiodic acid upon glycerin) ; an equivalent quantity of 
sodium cut into thin pieces was added, upon this a layer of pure ether was 
poured, and the flask quickly connected with the lower end of a Liebig’s 
condenser. Where the two liquids meet, a brisk reaction soon sets in; the 
escaping gases carry off a large quantity of the liquid, chiefly of the more 
volatile ether, and it is therefore necessary to keep the condenser as cold as 
possible. The reaction goes on generally quietly until the greatest portion 
of the iodide is decomposed ; if it stops after a short time, gentle heat has 
to be applied as long as gas is evolved. After the reaction is over, the 
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flask is heated in an oil-bath, and the liquid contents are distilled off. The 
distillate is fractionated several times, and the portion boiling between 50° 
and 70° C. collected separately. This consists chiefly of di-isopropyl, but 
also contains ether, undecomposed iodide of isopropyl, and may also con- 
tain diallylif the iodide was not quite pure. In order to remove these ad- 
mixtures, the liquid is repeatedly shaken with concentrated sulphuric acid 
as long as heat is evolved, then rectified, and the distillate treated with a 
mixture of strong nitric and sulphuric acid as long as iodine separates, then 
washed, dried, and rectified over potassium. 7 
Di-isopropyl is a colourless mobile liquid, the odour of which cannot be 
distinguished from that of hydride of hexyl, and which boils constantly at 
58° C. The specific gravity was found to be 
af 10° . C.=0°6769, 
At Awe. —— OO), 
at 29° €.=—0°6596. 
The analysis gave the following numbers :— | 
0:2390 of substance yielded 0°7315 of carbonic acid and 0°3525 of water, 


Calculated. Found. 
Cra ans 12 83°72 83°5 
H,, 14 16°28 16°4 
86  100°00 99°9 


CH 
The formula for isopropyl now generally accepted is « CH , and the 


constitution of di-isopropyl may therefore be expressed by the following 
formula :— ( H 


This hydrocarbon can be mrandeied as hydride of ethyl, m which 4 
atoms of hydrogen have been replaced by methyl and might be called, by 
accepting the nomenclature for hydrocarbons proposed by Hofmann*, 
tetramethyl-ethan. 

Chlorine attacks this hydrocarbon very easily in the cold, and if the 
action is stopped before the whole has been acted upon, the principal sub-_ 
stitution-product consists of the chloride C, H,, Cl, a colourless liquid which 
boils constantly at 122°C., and very closely resembles its isomer, chloride of 
hexyl, the boiling-point of which is 125° C. according to a determination | 
made with the same thermometer. The specific gravity of this chloride is’ 

at 14° C. = 0°8943, 
at 22° C, = 0°8874, 
at 34° C, = 0°8759. 


* Proc. Roy. Soe. vol. xv. p. 57. 
D 2 
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The following data give the results of the analysis :— 


0:3780 of substance gave 0°4505 of chloride of silver and 0°0023 of me- 
tallic silver. 


Calculated for C, H,, Cl. " Found. 
29:46 per cent. Cl. ; 29°7 per cent. Cl. 


If iodine is present, the action of the chlorine is quite different. No 
trace of a monochloride is formed ; the chief product consists of bichlori- 
nated di-isopropyl, C, H,, Cl,, a solid substance, besides a smaller quantity 
of high boiling products, which are very rich in chlorine. From those the 
solid chloride may be easily separated either by distillation with water, the 
steam carrying the solid substance very easily over, or by cooling the mix- 
ture of the substitution-products and pressing the crystals which separate 
between blotting-paper. This compound forms white crystals which smell 
strongly of camphor, and, exposed to the air, soon volatilize at the com- 
mon temperature ; heated in an open tube they sublime below their fusing- 
point; in a closed tube they melt at about 160°. 

The analysis gave the following results :— 

(1) 0°2781 of substance gave 0°4795 of carbonic acid and 0°2030 of 
water. 

(2) 0°1011 of substance gave 0°1846 of chloride of silver and 0°0015 
of metallic silver. 

(3) 0°1756 of substance gave 0°3136 of chloride of silver and 00036 of 
metallic silver. 

(4) 0°1680 of substance gave 0°3040 of chloride of silver and 0:0103 of 
metallic silver. 

_ (5) 0°1415 of substance gave 0°2515 of chloride of silver and 0°097 of 
metallic silver. 


Found. 
Calculated. pester S28 pains EAL ese 
a (1) (2) ae) (4) (5) 
Caine 0172 46°45 46°81 
PGs ie 1:2 7°74 811 
Obaaiset7 1 45°81 3 45°7 44:9 46°6 46:2 


155 100-00. 


The higher chlorinated products boil under decomposition between 
200° and 300°; the quantity which I obtained was too small to attempt to 
separate them into definite products 

Di-isopropyl is slowly oxidized if it is heated with a concentrated solu- 
tion of dichromate of potassium and sulphuric acid, a large quantity of 
carbonic acid being evolved. In order to oxidize 10 grammes of the hy- 
drocarbon it took a week; the liquid was distilled off every day, and the 
slightly acid distillate neutralized with carbonate of sodium, and thus a 
sodium-salt was obtained which on recrystallization gave a crop of crystals, 
whose habitus and reactions were found to coincide with acetate of sodium. 
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The small quantity of mother-liquor from these crystals was precipitated 
with nitrate of silver, and the precipitate crystallized from boiling water. 

_ 0°2120 of this silver-salt gave.0°1374 of silver, or 64°72 per cent.; ace- 
tate of silver contains 64°67 per cent. of silver. 

By oxidizing di-isopropyl with chromic acid the only products formed 
are therefore carbonic acid and acetic acid. 

2. Amyl-isopropyl, C, H,,- 

This hydrocarbon was obtained by acting with sodium and ether upon a 
mixture of iodide of isopropyl and iodide of amyl. The reaction sets in 
without applying heat, and is rather violent in the beginning, and it is 
therefore necessary to keep the flask first immersed in cold water; but to 
complete the decomposition the mixture has to be heated. When all the 
sodium has disappeared, the contents of the flask are distilled from an oil- 
bath, and the distillate is heated with sodium as long as iodide of sodium 
is formed. Ether and non-attacked iodides are then removed by treating 
the liquid with strong acids as described above, and thus a mixture of di- 
isopropyl, amyl-isopropyl, and di-amy] is obtained, from which these hydro- 
carbons can easily be separated by fractional distillations. 

Amyl-isopropyl is a colourless liquid boiling at 109°-110°; its specific 
gravity was found ‘ 

at 16°°5 C. = 0°6980, 
at 409 C7 1056712. 
The results of the analysis are,— 
0:2040 of substance gave 0°6285 of carbonic acid and 0°2900 of water. 


Calculated. Found. 
CaP niin hOGi ues B42 84-0 
ies are TH NBM) 15'S 16°1 
114 —- 100-0 100°1 
The constitution of this hydrocarbon can be expressed by the formula 
H 
C nt , and it might therefore be called dimethyl-amyl-methan. Its 


boiling-point and its specific gravity coincide perfectly well with those of 
dibutyl, which according to Kopp boils at 109°, and has at 16°°4 the spe- 
cific gravity 0°7001*. I believe that these two hydrocarbons are identical ; 
for. Erlenmeyer stated a short time ago in a preliminary note, that he 
-has found that the butyl-alcohol formed by fermentation is methyl-alcohol, 
in which one atom of hydrogen in the methyl is replaced by isopropyl, 
and that fermentation amyl-alcohol is ethyl-alcohol, in which also one 
atom of hydrogen in the methyl group is replaced by isopropylt. If this 
view is correct, amyl-isopropyl must be identical with dibutyl], as the follow- 
ing formule clearly show :— 


* Ann. der Chem. und Pharm. vol. xcyv. p. 336. 
+ Zeitschrift fir Chem. N. F. vol. iii. p. 117. _ 
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CH, CH, : ( CH, CH, 
f Ee / ; 
| ot Butyl. . he 
Amyl. 2 OHs CH, 
| myl ce | 
cH, : 
~ 
{ CH, 
bes 
Tsopropyl. ia CH Butyl. , bt | 
of, CH, CH,CH, 


Chlorine converts sinplisopropyl easily into the chloride C,H,,Cl, a 
colourless liquid which boils at 165°, and smells faintly of oranges, just as 
‘Is its isomer, chloride of octyl. Its specific gravity is 

at 10°°5 = 0°8834, 

at 36° = 0°8617. 
_ 0°2480 of this chloride yielded 0°2380 of chloride of silver and 0°0015 
of metallic silver. 


Calculated for C,H ,,Cl. Found. 
23°90 per cent. Cl. 23°9 per cent. Cl. 

- When chlorine acts upon amyl-isopropyl, a mixture of chlorine substitu- 
tion-products is formed, from which I did not succeed in obtaining definite 
compounds. On repeated fractional distillation the largest portion passes 
over between 170° and 180° as a colourless liquid smelling of oranges. 

0°2815 of this substance gave on analysis 0°2772 of chloride of silver, 
which corresponds to 24°36 per cent. of chlorine. This liquid appears 
therefore to be a mixture of isomeric chlorides of the formula C, H,, Cl. 

A solution of chromic acid attacks amyl-isopropy! very slowly ; the only 
oxidation-products which are formed are carbonic acid andacetic acid, from 
which latter the sodium-salt was prepared, and this was converted into the 
silver-salt. 

0°1585 of this silver-salt contained 0:1291 of silver, or 65:0 per cent., 
whilst acetate of silver contained 64°67 per cent. 


From the commencement of my researches on the hydrocarbons of this 
series I have tried to obtain definite and characteristic oxidation-products ; 
but the results of these experiments are as yet but very incomplete. I 
have chiefly studied the action of oxidizing agents upon hydride of hexyl. 
This hydrocarbon is acted upon by a concentrated solution of chromic 
acid in the same manner as the two hydrocarbons described.above ; the only 
products formed are carbonic acid and acetic acid. A mixture of manganic 
peroxide and sulphuric acid, as well as a solution of permanganic acid, give 
only carbonic acid. Nitric acid also forms carbonic acid by boiling it or 
heating it in sealed tubes with hydride of hexyl; besides, a small quantity of 
a solid acid, very likely belonging to the oxalic-acid series, is produced. I 


1867.) On the Chemical Constitution of Narcotine. 39 


have not yet obtained this body in sufficient quantity, as it is only very 
slowly formed. I hope, however, to find a method to produce it in larger 
(quantities, and also to obtain characteristic oxidation-products of the dif- 


ferent hydrocarbons. 


VII. “ Researches into the Chemical Constitution of Narcotine and of 
its Products of Decomposition.”—Part II. By A. Marrutessen, 
F.R.S., and G. C. Foster, B.A. Received May 23, 1867. 


(Abstract. ) 

In this memoir the following reactions have been studied :— 

1. The Action of Hydrochloric and Hydriodic Acids on Opianic Acid. 

‘When strong hydrochloric or hydriodic acid acts at 100° for some time 
on opianic acid, iodide or chloride of methyl is evolved and a new acid 
formed, 
| C,,H,,0,+ HCl=C,H,0,+ CH,Cl. 

We propose to call this acid methyl nor-opianic acid, as it stands inter- 
mediate between opianic acid and the normal opianie acid :— 

MORAL ODIANIC ACIU .. 5... $5.35 $ e455 C,H,0. 
Methyl nor-opianic acid.. ......... Reta arte: C,H.0, 
Opianic acid or dimethyl nor-opianic acid... C,,H,,O, 

The new acid is soluble in cold water, buf much more go in hot, from 
which it crystallizes on cooling with 2} molecules of water. Like hypo- 
gallic acid it strikes a dark blue with sesquichloride of iron; but on addi- 
tion of ammonia in excess, a light-red solution is produced, differing, there- 
fore, from the hypogallic-acid blue, with which ammonia becomes blood- 
red. From the analysis of the silver-salt it appears that methyl nor- 
opianic acid is monobasic. 


2. The Action of Hydrochloric and Hydriodic Acids on Meconin. 
When meconin is heated with strong hydrochloric or hydriodic acids at 
100° for some time, it is split up into chloride or iodide of methyl and an 
acid of the composition C,H,O,. ‘The reaction is 
C,,H,,0,+ HEl=0,0,0,+ CH,Cl. 
This new acid we may call methyl nor-meconic acid, as it stands between 
meconin and normal meconin :— 


MECH. va. st ft ame . C,,H,,0, 
Methyl nor-meconiu or methyl nor-meconic acid. C, H, O, 
pNotinial, miecorin: i728. wade Bee cab dhe C, ee O, 


Methyl nor-meconic acid is soluble in cold, but much more so in hot 
water ; it is easily soluble in alcohol, and slightly so in ether. It reduces 
solutions of silver-salts in the cold, and behaves with sesquichloride of iron 
exactly like methyl nor-opianic acid, From the analysis of the barium- 
salt, methyl nor-meconic acid is monobasic. 
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3. The Action of Hydrochloric and Hydriodic Acids on 
Hemipinie Acid. 

The action of hydriodic acid on hemipinic acid has been already described 
im our former communication. The reaction which takes place was found 
- to be 

C,,H,,0, + 2HI=CO, + 2CH,I+ C,H,0,. 
The body C,H,O, we called hypogallic acid. 

Tt was ie meted that when hydrochloric acid acts on hemipinic 
acid the following reaction takes place :— 

C,,H,,0,+ HCl=CO, + CH, OC, H,0,,. 

The formula C,H,O, has been confirmed by further analyses, and from 
the analysis of its silver-salt we have shown it to be a monobasic acid. 
This acid may be called methyl-hypogallic acid, as it contains one molecule 
of methyl more than the hypogallic acid, and may be converted into that 
acid by the prolonged action of hydrochloric acid on it. | 

4, Whilst experimenting with hemipinic acid we found that this acid 
may crystallize in different forms. The crystals were found to contain dif- 
ferent amounts of water; thus when it crystallizes from a dilute solution 
by spontaneous evaporation, the crystals contain half a molecule of water ; 
when from a supersaturated solution, they contain one molecule ; and lastly, 
when crystallized in the ordinary way by cooling a hot solution, they con- 
tain two and a half molecules. 

From the experiments here, as well as those in our former paper, it ap- 
pears that the following compounds derived from opianic acid will be found 
to exist :—— 


C,,H,,0; C 


Dimethyl nor-meconin Dimethyl nor- -opianic acid Dimethyl nor-hemipinic: acid 
(ordinary meconin). (ordinary opianic acid). (ordinary hemipinic acid). 
ge Oy4 Gao ae C, 50, 
Methyl nor-meconin. Methyl arene acid. Methyl] nor-hemipinic acid. 
C,H,0, C,H,0, C,H,0, 
Nor-meconin. Nor-opianic acid. Nor-hemipinic acid. 
C,H,0, C,H,0, * C.H,0, 
ig Ay zMethyl hypogallic acid. 
CER OMer C,H,0, C,H,O, 
Hypogallic acid. 


Of the above, the following have been prepared :— 
1. C,,H,,0,, C,,H,,O, by the action of potash on opianic acid ; thus, 
2C,,H,,0,=C,,H,,0,+C,,H,,0,. 
2. C,H,O, by the action of hydrochloric and hydriodic acids on meco- 
nin; thus, 


C,,H,,+ HI=C,H sOnne He I. 
3. C,H30, by the action of hydrochloric or hy fadia acids on opintie 


acid ; thus, i 
C,,H,,0, + H I=C,H;,0,+ C H,I. 


1867.] Chemical Intensity of Total Daylight at Kew and Pard. 41 


4, C,H,O, by the action of hydrochloric on hemipinic acid ; thus, 
C,,H,,0,+ HCl=C,;H,0,+C 0,+C H,Cl. 

5. C,H,O, by the action of hydriodic acid on hemipinic acid; thus, 

| C,,H,,0,+ 2H I=C,H,0,+C 0,4+2C HI. 

In the second part of the paper the properties and the preparation of a 
new base prepared from narcotine are described. When narcotine is heated 
for from six to eight days with strong hydrochloric acid at 100°, two mole- 
cules of chloride of methyl are given off, and the chloride of the new base 
formed. The reaction which takes place is 
| C,,H,,N O,+2HCI=C,,H,,N O,+ 2C H,Cl. 

This base we have called methyl-nor-narcotine; it forms an almost white 
amorphous powder insoluble in water and ether, slightly soluble in alcohol ; 
it is easily soluble in carbonate of sodium, by which means it may be sepa- 
rated from narcotine. None of its salts form crystalline compounds (the 
chloride, sulphate, and nitrate have been made). In the paper of which 
this is an abstract, mention is made of two other new bases derived from 
narcotine; these have not as yet been described. They are the dimethyl 
and nor-narcotines, the first being the product of the action of hydrochloric 
acid for a short time on narcotine, and the latter the product of the action 
of strong hydriodic acid on narcotine. The reactions may be written 
; C,,H,,N O,+ HCl=C,,H,,N O,4+CH,Cl 
an | 
C,,H,,N O,+3HI=C,,H,,N O,+3CH,I. 
There exist, therefore, four narcotines :—— 


1. Ordinary narcotine, or trimethyl nor-narcotine, C,,H,,N O,. 


2. fs A dimethyl nor-narcotine, C,,H,,N O,. 
ae fe A methyl nor-narcotine, C,,H,,N 0. ‘ 
4, ms Bs nor-narcotine, C,,H,,N O. i 


The descriptions and properties of the first-mentioned new eee will 
form the subject of a future communication. 


VIII. “On the Chemical Intensity of Total Daylight at Kew and 
Para in 1865-67.” By Henry E. Roscoz, F.R.S. Received 
May 14, 1867. 7 

(Abstract.) 

This communication contains the results of a regular series of mea- 
surements of the chemical action of daylight, carried out at the Kew 
Observatory, through the kindness of Dr. Balfour Stewart, according to 
the method described by the author in the Philosophical Transactions 
for 1864, p. 605. The observations extend over a period of two years, 
from April 1, 1865 to March 31, 1867. The second part of the com- 
munication gives the results of observations upon the Intensity of the 
Chemical action of Sunlight under the Equator, made at Para in lati- 
tude 1° 28’ 8. during the month of April 1866. p32 


: ae Prof. Roscoe on the Chemical Intensity . une 20, 


I, Kew Observations. 


The Kew measurements do not profess to exhibit the changes in 
chemical intensity which occur from hour to hour, but they give, with 
_ accuracy, the mean monthly chemical intensity, cena the rise and 
fall with the changing séasons of the year, and they enable us to deduce 
‘bhe mean monthly and yearly chemical intensities at Kew for 1865-67. 

Tables showing the daily mean chemical intensity obtained from the 
daily observations, according to the method described in the above-men- 
tioned paper, are given. ‘The first result which these observations yield 
is that the mean chemical intensity for hours equidistant from ‘noon is - 
constant; that is, the mean chemical intensities are equal for equal alti- 
tudes of the sun; thus the mean of all the observations made about 
9" 80" A.M. eereesponals with the mean intensity at 2" 80 P.M. 


Mean of Times Mean Chem. 


M e Ag Ob of Observation. Intensity. 
ean of 529 Afternoon servations | bak aes 
i cE cuddds ows Su. aba ere ae 9" 41 0°105 

Mean of 552 Morning Observations h orn : a 
ke ce. penne oP 97 or107. 


Hence the author concludes that when the disturbing causes of varia- 
tion in amount of cloud, &c. are fully eliminated by a sufficient number 
of observations, the daily maximum of chemical intensity corresponds to 
the maximum of sun’s altitude. The author then shows from measure- 
ments made at varying altitudes of the sun at Heidelberg and Para, 
that the relation between sun’s altitude and chemical intensity may be 
represented by the equation 
CI,=CI, + const. a, 

where CI, represents the chemical intensity at a given altitude (@) in 
circular measure, CI, the chemical intensity at the altitude 0, and 
const. (a) a number to be calculated from the observations. 


‘The agreement of the chemical intensities as found at fades 
with the calculated results is seen in the following Table :— 


Altitude. Chemical Intensity. 
Lyme Found. Calculated. 
Teil D2. oat KO aa 0-050 

QA AS: basen ties: OFZ te ad race 0°196 

O4 BA. ieee eee O30GC.siec5s eas 0:276 

Oe Ol aizbis. aie OAS 7 ciaesne.a) 0'435 

GZ 30m: aikaoss ONG os age 0'506 


A similar relation is found to hold good for the Parad observations: 
-Assuming the same relation to exist at Kew as at Heidelberg and Para, 
the values of the mean monthly intensity at noon have been calculated 
trom the observations at 2.30 and-4.30 p.m., and the mean monthly ins 
tegrals of chemical intensity for each midinth from April 1865 to March 
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1867 inclusive, have been obtained. Curves exhibiting the daily rise 
and fall for each of the twenty-four months, as well as a curve showing the 


biennial variation of chemical intensity for the same period, accompany 


the paper. The curve of yearly chemical intensity is found to be un- 
symmetrical about the vernal and autumnal equinoxes; thus in spring 
and autumn the results are as follows:— 


1865-67. Mean Ch. Int. 1866. Mean Ch. Int. 
Miaweh TS67 oo... .. 80°5 Wha meniy ash cece ehh B45 
ApmlAS6o) viii... O18 Aeprilss o:aye aan 52°4 
September 1865 .. ...... 107°8 Septem bersasth waa 701 
Meust L866 |... s05s% 88°9 PA USUISE on: Fue ceue thes 94°5 


Or for 100 chemically active rays falling during the months of March 
and April 1865, 1866, and 1867 at Kew there fell in the corresponding 
autumnal months 167 rays, the sun’s mean altitude being the same. 
The author discusses the probable causes of this autumnal maximum; 
he finds that it is not due to variation in the amount of cloud, and be- 


Tieves that it is to be explained by a less amount of atmospheric opales- 


cence in the autumn than in the spring. 
The yearly integral for the twelve months, January to March 1867 
and April to December 1865, is 55-7, whereas that for the twelve months 


of the year 1866 is 547. 


Il. Pard Observations. 


All the knowledge we possess concerning the distribution and in- 
tensity of the chemically active rays in the tropics is derived from the 
vague statements of photographers. According to their observations it 
appears that the difficulty of obtaining a good photograph increases as 
we approach the equator; and more time is said to be needed to pro- 
duce the same effect upon a sensitive plate under the full blaze of a 
tropical sun than is required in the gloomier atmosphere of London. 
Thus in Mexico, where the light is very intense, from twenty minutes 


to half an hour is stated to be required to produce photographic effects 


which in England occupy but a minute. Hence the existence of a 
peculiar retarding influence has been suggested which the heating and 
luminous rays are supposed to exert upon the more refrangible portions 
of the spectrum. The fallacy of these statements hay been fully proved 
by a series of direct measurements of the chemical intensity of sunlight 
under the equator, made at Par4’ by Mr. T. E. Thorpe. The curves of 
daily chemical intensity given in the paper show that the activity of the 
chemical rays in the tropics is very much greater—on one day fifty-five 
times as great, as in our latitudes; and these measurements prove that 
the reported failures of photographers cannot at any rate be ascribed 
to a diminution in the chemical intensity of sunlight. The following 
numbers give some of the daily mean chemical intensities at Para com- 
pared with the same days in Kew :— 
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Daily Mean Chemical Intensity. 


1866. Kew. Para. Ratio. 
April ae het 28°6 242°0 8°46 
PS ea Fol. 301°0 39°09 
oe Ua st, 5°9 326°4 09°25 
Sie ei ke De a 25°4 233°2 ; 9°18 
BA. ERA near 38'9 385'0 9°90 
sella 2s NA ae 2 saehle 83°6 362°7 434 


The measurements were made at Para in the middle of the rainy sea- 
son, and at very frequent intervals during the day ; the curves show the 
enormous and rapid variation in intensity from hour to hour which the 
chemically active rays undergo under a tropical sun during the rainy 
season. | | 


TX. “On the Elimination of Nitrogen during Rest and Exercise on 
a regulated Diet of Nitrogen.” By HE. A. Parxss, M.D., F.RB.S. 
Received June 1, 1867. 


_ The experiments recorded in this paper are intended to complete the 
inquiry into the effect of rest and exercise on the elimination of nitrogen 
recorded in the Proceedings of the Royal Society (No. 89, 1867). 

The experiments were made on two soldiers at the Royal Victoria 
Hospital at Netley. One of them (S.) was the subject of the former 
experiments, the other man (B.) was a fresh man. DB. is a perfectly 
healthy temperate man, aged 224 years, 5 feet 94 inches in height, and 
weighing 140 lbs. 

Extreme care was taken to ensure the greatest accuracy both as to 
food and as to the collection of the excreta. The whole value of such 
experiments as these, depends on the exactness with which all the con- 
ditions are carried out; and without perfect accuracy, the results would 
only mislead. I have every confidence that the conditions were faith- 
fully observed; there is in fact evidence of this from the experiments 
themselves. | 

The course of the experiments was precisely the same as in the obser- 
vations recorded in the last paper, except that the diet was during sixteen 
days exactly the same on each day. During four days the men were at 
their ordinaryemployment; during two days rested; returned to ordinary 
work for four days; took very active exercise for two days ; and were then 
for four days more on ordinary occupation. 

They took each day the same amount of food, viz. :— 
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Total nitrogen in 


: Amount, in isha 
Articles. aan ae each article, in 
grains*. 
IRCA AG ics cascevecedavs vou eteasel duceshs 16 60°99 
Meat (cooked) ..........sc0seseees 9 (15 raw) 213 
Potatoes (cooked) ........0..0e0000 12 12 
Cabbage (cooked) ..0....sseseeeeeee 3 a)! 
BURR sects snes gases ae eh oe os « 6 16°5 
DMUBOIGY tos duis anhicssitviecnestiite ames sees 3 
EMCEE RA Ret 5! sth as sconces h ohh I ? 
RRL lott Sccte sela saiganletattiealunerness 25 
WREISION: OF LEB. 0520.56 cn dos ooavs «« 20 
Infusion of coffee ............sceeee 20 
RR GEER eciichcuicsctiaceeteel teesct eles 3 to9 
302°59 


or 19°61 grammes. 


The bread was made always in the same way; the meat (steak) was 
of an uniform quality, and was carefully selected every day. The whole 
quantity of food was regularly eaten and at the same time. ‘The only 
variation was that the potatoes weighed sometimes 12 or 124, and some- 
times 13 ounces (which, however, made very little change in the nitro- 
gen), and that the amount of water drunk, usually 5 ounces at dinner 
and 2 at supper (on eleven days), was on five days taken in less quan- 
tity. No alcoholic liquid was taken, and there was no smoking. 

This quantity of food was just sufficient to preserve the body at almost 
precisely the same weight ; the men were in perfect health. 

During the sixteen days 313°76 grammes (viz. 19°61 x 16) of nitrogen 
were known to be taken by each man in the food. The following 
amounts were recovered from the urine in the same time. 

S. .... 803°660 grammes, or 18°97 grammes daily. 
B. .... 807:257 grammes, or 19°2 grammes daily. 

The nitrogen in the stools (as presently noted) quite made up the 
difference (10 and 6 grammes) between these numbers and the amount 
of nitrogen passing in, indeed it rather exceeded it if the average of 
three days can be applied to sixteen. S. passed regularly rather more 
nitrogen by the bowels than B., and rather less by the urine. 

The weight of the body at the beginning and end was nearly the same, 
and it is therefore certain that during the sixteen days no nitrogen 
escaped by the skin or lungs, but that all passed by the kidneys and 
bowels. | 

The urine was collected from 8 a.m. to 8 a.m., except on the second 
days of rest and exercise, when it was collected from 8 a.M. to 8 P.M., 
and from 8 p.M.to8 a.m. The nitrogen was determined by soda-lime, 


' * The nitrogen in the crust and crumb of bread and in the meat was determined 
once; the other amounts were calculated. 
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the urea by Liebig’s mercuric nitrate, the chloride of sodium being got 
rid of. The stools were weighed every day *. | 

On the days of rest the men remained in one room, sitting quie still 
or lying on the bed; they did not leave the room. 

On the first day fe exercise they walked twenty-four med on level 
ground between 8.10 a.m. and 8 p.m. On the second day they walked 
thirty-five miles between 8.10 a.m. and 9.45 P.M. 

The walking was done well, and S., who had been the subject of the 
previous experiments of exercise on a non-nitrogenous diet, was quite 
certain that he supported the fatigue much better under the meat diet, 
than on the former occasion when he was fed on starch and butter. 

The amount of work done (the weight of their clothes bemg taken 
into account) was calculated by Mr. Hiughou formula, yiz., that 
walking on a level surface is equal to LT zy of the weight through 
the distance walked. 


First day. 4 Second day. 
Kilogramme-| Tons lifted | Kilogramme-| Tons lifted 
metres. a foot. metres. — a foot. 
Wed Kaciumeneceray 129198= 416 194798= | 627 
De yack regen 125120= 403 188605 = 607 | 


The weight of the body. 
The following Table gives the daily variations in the weight of the 


body during the whole aetial The weight was taken at the end of 
the 24 hours. 7 


| S. | B. 
Ibs. av. | Ibs. av. 
Ordinary occupation, 1st day......... 145 139°5 
3 ‘5 PANT. iho ee er ee 145 140 
” As eNO Ail DAB ASA 146 139 
1 %9 At yy seeeeeeee 145 139°5 
GSE es [a3] Meramec 144. 138°75 
PES As RO ne Gt yee, 143°5 138°5 
Ordinary ogenpation, 70M, yyy aes: 144 138°5 
3 3 1 ES 145 139'25 
on ‘ OE. vin Mize. fez 145°5 139°5 
” 4; MOU deny cesta 145 140 
PxeuCISE hee. TURN se ee 142 137 
faa pend BAths se 139°5 135 
| Ordinary Opeupation T3ih v9... 2. 142 MCPs I 
” ” TAB 5p. ca ccnaen: - 143 137°5 
5 . IRIN agi op. sine'sin a8 144 133°25 
” ” T6th 4, cree. 144°5 139°74.° 


The following Table shows the gain or loss of body-weight in grammes 
(round numbers). 


-* T determined also the chloride of sodium and the phosphoric acid (on three ocea- 
sions), but I have not included these results, in order not to complicate the statement. » 
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Ss B. 
Ordinary occupation, 1st day......... Q | QO 
= 5 OFT RN nar re) + 200 
ne 7 c)) (se aes -+ 400 — 500 
” ” BU tea tasaenn ts — 400 + 300 
RESEy Mech agh sche vee es SRBC ok ie: — 500 — 400 
no oh apod Bema nee (STL ae SiR ae — 200 — 100 
Ordinary occupation, Wiglies Us ase << + 200 Q 
= = PLN | Rata eRe cS + 500 + 400 
+ 5A GON ee Feces ants -+- 200 + 100 
i Be VOU 6 fateadtes — 200 + 200 
TERELCISE necepscssoes TBR Ase estas — 1500 — 1400 
of ise init SU er cee WOM Me sotaccee gas — 1000 — 1000 
Ordinary occupation, 13th SO orale Ns ++ 1000 + 500 
Fi es Vat dae ok eee ter + 600 | + 800 
” 9 HSU A Ace pence + 400 | + 400 
“9 ” EGS ion. Gh cecstan' + 300 + 600 | 


The weight in the first period was fairly constant ; but during the rest- 
period one man lost 14 lb. and one other 1 lb. in weight ; the loss was gra- 
dual on the two days, which was different from the alternations which had 
gone before; the loss was subsequently recovered from at the rate of rather 
less than 3 lb. a day until the usual weight was regained on the third 
and fourth days. As the amount of food ingesta was not less, the loss 
must have been owing to increase in the egesta. This was certainly an 
unexpected result, but is yet quite certain. | 

The nature of the increase in the egesta will appear presently. I will 
merely state here that it was not owing to any condition of external 
temperature or atmospheric humidity acting on the skin or lungs. In 
the first four days of ordinary occupation the maximum temperature in 
the shade was 59°, 61°2, 64°°8, and 65° F., while the mean of the maxi- 
mum and minimum temperatures of twenty-four hours was 51°:2, 52°°6, 
50°-2, 54°°4, In the rest-period of two days the maximum shade tempe- 
rature was 64° and 68°, and the mean temperature of the days was 54°°5 
and 58°4, In the after-rest period, when the body was regaining weight 
on the same diet, the temperature rose greatly, the maximum being 
74°°8, 81°°6, 75°, and 70°, while the mean of the maximum and minimum 
was 61°, 66°°3, 62°, and 59°5 

Tt is evident therefore that the weight altered independently of the 
external temperature ; for there was scarcely any difference between the 
first and rest-period, and if any action had been caused it should have 
gone on in the succeeding hotter days of ordinary exercise during the 
third period. The air was a little drier during the two days of rest 
(65°3 per cent. of total humidity) than in the preceding and following 
periods (72°6 and 72°9); but this slight difference had no effect, because 
on one of the days following the rest the air was both hotter and drier 
than on one of the rest-days, and yet the body gained weight. 

During the period of exercise both men lost greatly and almost equally 
in weight, and then during the following period regained it, so that in 
four days one man had recovered his former weight, and the other man 
was only 2 lb. short. | | 
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The elimination of nitrogen by the urine followed precisely the same 
course in each man; and allowance being made for the difference in food, 
this course was identical with that determined in the former experiments, 
when the diet was non-nitrogenous. It is certain that neither during 
_ rest nor exercise did nitrogen pass off by the skin or lungs. 

It will be convenient to consider the total nitrogen in the first 
instance. 

During the first period of four days the total nitrogen excreted was 
71°428 grammes by 8. and 74008 grammes by B. ‘In the period of rest, 
instead of falling the nitrogen increased in amount, so that in two days 
38'274 and 38'943 grammes were excreted. This is not only more than 
the half of the previous four days, but more than the amount of either 
the first two or the last two days of the first period. The greatest 
increase was in the first day of rest, but in the second day the amount 
was still above the mean of the previous period. 

As afterwards shown, this was not owing to lessened elimination by 
the bowels ; for both the weight of the stools and the nitrogen increased 
in the period of rest. It seems impossible to avoid the conclusion that 
the condition of rest with an equal entry of nitrogen was accompanied 
by a daily inerease of excretion by the urine of about 1 gramme more 
nitrogen. 

It may, indeed, be said that this is within the limits of error or un- 
avoidable variation, and may be accidental; but if so, it seems most re- 
markable that the result should run in the same way and be of nearly the 
same amount in each case, and be confirmed by the independent obser- 
vation of the urea. In the third period, when the men returned to their 
ordinary occupation, the nitrogen fell in both on the first day to a lower 
point than had ever before been noted, and then rose gradually, so that 
in the four days the amount was Since the same with that of the first 
period, 70°45 and 73:94 grammes being excreted. In the period of 
exercise which is to be compared with that of the rest, the results were 
identical with those of the former experiments when nitrogen was not 
supplied. . 

On the first day of exercise the nitrogen in each man fell below the 
corresponding day of rest by 1°626 and 1:131 gramme. In the next 
twelve hours, which were almost entirely occupied in exercise, the dimi- 
nution was still greater, being 2°498 and 1:225 grammes, which would 
be equivalent to 5 and 24 grammes for twenty-four hours. In the last 
twelve hours, of rest after work, the elimination increased greatly, so 
that 5142 ond 3°331 grammes more were excreted than in the corre- 
sponding rest-period ; the general result being that on the whole two 
days’ period of exercise, as compared with the whole period of rest, there 
was an increase of about 1 gramme in the exercise-period in each man, 
owing entirely to the large excretion in the last twelve hours. 
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S. | B. 
grammes. | grammes. 
Total nitrogen in urine in two days’ rest ...| 38°274 38°943 
Total nitrogen in two days’ exercise ......... 39°292 39°918 
1°018 0°975 


The first day following the exercise was a day of almost complete rest ; 
the nitrogen in both men was increased considerably over the average 
of the first and third periods, and very greatly indeed over the amount 
of the first day of the third pericd, the excess being 5°33 and 3°568 
grammes over that day. This was the most considerable variation in 
the period of experiment. The nitrogen continued high all through this 
period, the result being that in the four days S. excreted 84°216 and B. 
$0°368 grammes, or 18 and 6 grammes respectively in excess over the 
first period of four days. It is clear indeed that during this period, the 
excretion of nitrogen must have been greater than the ingress. 

I will not trace the changes in the urea in such detail. They were 
almost identical with those in the total nitrogen. 

In the first period the amount of urea was almost precisely the same 
in the two men. In the rest-period it increased nearly 2 grammes daily 
in each man, fell during the third period to the former average, decreased 
greatly during the first thirty-six hours of the exercise-period as com- 
pared with the rest-period, and increased in the last twelve hours ; in 
the last or after-work period it also increased, though in a less propor- 
tion than the total nitrogen. 

The changes in the non-ureal nitrogen were also very similar in the 
two men, but will be best followed in the case of B., in whom the 
excretion of non-ureal nitrogen was more steady from day to day than 
in 8S. It was very slightly and immaterially increased in the rest-period, 
fell as slightly in the after rest-periocd, remained the same during the 
exercise-period, and increased to nearly double in the last four days. 
In 8. it iucreased more in the rest-period and in the exercise-period 
than in B., and still more in the last four days. This increase in the 
non-ureal nitrogen after exercise is confirmatory of the results formerly 
obtaimed on this point. 

If these results are looked at as a whole, it will be seen that though 
the changes in the amount of nitrogen were for the most part not great, 
still they were decided and evident changes, and occurred precisely in 
the same way in the two men. The coincidence in the changes in the 
urea and in the total nitrogen (determined by such different processes) 
is a strong argument that the results were real. Throughout the whole 
time the food was precisely the same, and the modifications were there- 
fore not owing to variation in the ingress of nitrogen. 

There was some yariation in the amount of urinary water; but the 
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increased excretion of nitrogen was, I believe, not at all connected with 
it. Thus in the first and third periods the nitrogen was almost the 
same, yet in 8S. the difference in the mean amount of water was 266 cub. 
centims., and in B. was 60 cub. centims. In S8., im the fifth period, the 
amount of water was the same (within 6 cub. centims.) as in the first 
period, yet the nitrogen was more than 38 grammes in excess. If indi- 
vidual days are taken, no obvious relation appears between the urimary 
water and the nitrogen. The largest amount of water in S. (1760 cub. 
centims.) corresponded to 19°536 nitrogen, while the largest amount of 
nitrogen (23°488) corresponded to 1430 cub. centims., and the next 
amount of nitrogen (21°25) was passed in only 900 cub. centims. of 
urine. In B. the largest amount of nitrogen (21°597) was contained in 
the largest amount of water (1610 cub. centims.), but almost as great 
an amount was contained in 1000 and 920 cub. centims. So that dif- 
ferences in the amount of water cannot explain the variations in the exit 
of nitrogen. If not owing to alteration in food, nor to variable passage 
of water through the kidneys, it seems tolerably certain that the condi- 
tions of rest and exercise were the causes of the variation. 


Excretion of Nitrogen by the bowels. 

The two men did not have quite the same amount of intestinal excreta. 
The average daily weight (sixteen days) in the case of 8. was 4°798 
ounces avoirdupois or 186 grammes; while in the case of B. they 
amounted only to 3°97 ounces, or 112°8 grammes._ 

The exact daily weights are given further on, and I will now merely 
state the amount of nitrogen, which was determined three times. 


Nitrogen in grammes. 


S. B. 
Last day of first period............... 1'227 0644 
ast, dayiotwest a dcctwsseasesneo seat 1°486 1'OgI 
Last day. of Gxercise:.......cccocsatae+- 2°138 17504 
Mean: ena 1617 1'079 


B. passed (if these three days represent the mean) 0'538 gramme less 
nitrogen daily by the bowels than 8., and during the first twelve days he 
passed on an average 0°6 gramme more nitrogen in the urine, so that 
during these twelve days the discharge of nitrogen by the conjoint 
channels was within 1 gramme the same in the two men; the amounts 
being in 8. 238°848, and in B. 239-757 grammes in twelve days, while 
the amount of nitrogen passing in (independent of a small amount in 
the tea, coffee, butter, &c.) was 235°32 grammes. This accordant result 
proves, I believe, both the estimate of the nitrogen in the food and the 
collection and analysis of the excreta to haye been accurate. I was 
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quite unprepared for a result so close as that the difference in the ex- 
cretion of nitrogen of the two men should be only 0-076 gramme, or 
scarcely more than 1 grain daily. In the last four days 8. passed a little 
more nitrogen by the urine than B., thereby reversing what had gone 
before. The stools were not analyzed during this period, but I believe 
that the nitrogen must have been furnished by the body during these 
four days. As respects the effect of exercise on the intestinal nitrogen, 
there was a slight increase in rest over the previous period and in ex- 
ercise over the rest-period. 

If the following Table (p. 54) be analyzed, it will be found that the 
loss of weight in the rest-period was attributable in 8. almost entirely 
to excess in the pulmonary and cutaneous excreta, while in B. it was 
owing to increase in the urinary and intestinal excreta. It might be 
presumed to have been chiefly water; but the simultaneous changes in 
the excretion of nitrogen give it interest. The channel of elimination 
in B. proves in another way that it was not owing to effect of external 
temperature in the air. 

During the period of exertion the loss of weight was from increase in 
the skin and lung excretion, and it is interesting to observe how parallel 
it was in the two men; the loss of weight was subsequently made up by 
lessening of the skin and lung excreta. The intestinal excreta were not 
influenced either way by the exercise ; and in spite of the great passage 
of water by the skin, the urinary water was not affected. The antago- 
nism commonly stated to exist between the excretion of water by the 
skin and kidneys was not perceptible. 


Haplanation of the preceding facts. 

Taking into account the experiments formerly recorded as well ag 
those in this paper, we have to explain the following phenomena. 

1. With an unchanged ingress of nitrogen there was a slight excess 
of nitrogenous excretion during rest as compared with a period of ordi- 
nary exercise. 

2. There was a decrease of urinary nitrogenous excretion during active 
exercise as compared with a period of rest, and this was perceptible both 
when the ingress of nitrogen was stopped, as well as when nitrogen was 
supplied in regular amount. 

3. There was an excess, not great, but long continued in nitrogenous 
excretion after exercise. 

4. Thére was a retention of nitrogen in the system when it was again 
supplied after having been cut off, after both rest and exercise, and 
greatest in the latter case, showing that it is needed in the system, and 
that an insufficient supply at one time must be subsequently compensated. 

In addition we cannot leave out of account the well-known dietetic 
fact, based on experience, that much muscular work always demands 
the supply of a larger amount of nitrogen. 
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Both the theories of muscular action now being discussed by physio- 
logists seem to me insufficient to account satisfactorily for all the above 
facts. 

The old theory was, that a muscle was more or less destroyed during 
action and was repaired during rest, and if so, it seemed reasonable to 
suppose that the action of the muscles would be measured by the amount 
of nitrogen eliminated. But the decrease in the nitrogenous excretion 
during exercise and its very moderate increase afterwards (an increase 
quite out of proportion to the amount of muscle supposed to be destroyed) 
seem quite inconsistent with this view. 

The new theory, springing from the experiments of Professors Fick 
and Wislicenus, viz., that the nitrogenous framework of a muscle is 
merely the machinery which allows changes in the non-nitrogenous sub- 
stances to take place, and that in itself it undergoes during exercise no 
change, though at first sight consistent with some of the facts, does not 
appear to be so with all. It does not account for the increase of nitro- 
genous excretion in rest, for the decrease during exertion, or for the 
increase afterwards, nor in a satisfactory manner for the great retention 
of nitrogen in the system which occurs after exercise on a non-nitroge- 
. nous diet. 

There is something more in the facts than either disintegration per se, 
or stability of nitrogenous composition during muscular action, will 
account for. 

We must find some other explanation; and it appears to me that we 
ean only express the facts by saying that a muscle during action appro- 
priates more nitrogen than it gives off, and during rest gives off more 
than it appropriates. We have, perhaps, strictly speaking, no right to 
go beyond this; but it seems clear that asa muscle could hardly be'sup- 
posed to have two simultaneous actions, we may simplify the above ex- 
pression by stating that during action a muscle takes nitrogen, and 
during rest gives it off. To put this in other words, the action of a 
muscle would seem from these experiments not to be connected with 
disintegration, but with formation; when it is in exercise the muscle 
increases, When it is quiescent it lessens in bulk. It may seem a bold 
innovation to attempt to reverse in this way the old theory of muscular 
action, especially as the same rule would have to be applied to nutrition 
generally ; but if it explains all the facts, it is ab any rate entitled to be 
fully considered. 

In applying this expression in the explanation of the facts, 1 must 
premise that the nitrogen discharged by the kidneys and bowels cannot 
be supposed to be derived solely from the muscles. As it represents all 
the nitrogen going in, it must be derived from all the nitrogenous tissues, 
from the nervous substance, the gland cells, the albuminous membranes 
and fluids, in fact from all nitrogenous structures. That portion of it 
which is derived from the muscular system comes only in part from those 
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muscles whose state we can alter. We cannot alter the action of the 
muscles of respiration, of the heart, the stomach, and intestines, &c. 
We cannot even reduce the voluntary muscles to a state of complete and 
prolonged rest. There must be some movement, consequently we must 


_ not expect to find large variations in the elimination of nitrogen when 


a certain number of muscles only are kept in a state of comparative rest 
or exercise. : 

The food passing into the body after due preparation in the stomach, 
liver, and lungs, forms in the blood a reservoir or store of nutriment 
from which the different parts of the body take their supply as they 
require it, or according as the special stimulus of each enables it to ap- 
propriate it. 

In these two men 19°6 grammes, or 302 grains passed daily into, and 
then out of, the store into the various nitrogenous tissues. This quantity 
exactly sufficed in the then state of activity of all the organs to preserve 
perfect action, and to keep the body-weight constant. 

A certain number of muscles being brought into a state of rest, the 
nitrogenous elimination increased ; in other words, the muscles appro- 
priated nitrogen in less,and gave it off in greater, amount, owing, if my 
explanation be correct, to their more rapid disintegration durmg rest 
than exercise. This may be understood by supposing that if in the 
twenty-four hours the voluntary muscles are in a state of rest for twelve, 
and of exercise for twelve hours, and if the exercise is reduced to six 
hours, the removal going on at the same rate for eighteen hours instead 
of twelve hours will increase the exit of nitrogen 50 per cent. Ac- 
cordingly during the period of rest the elimination of nitrogen increased, 
and this was necessarily most marked during the first day, when the 
bulk of the quiescent muscles was greater than on the second day, when 
it had been reduced by excess of elimination. I do not see how pro- 
perly to explain the increase during rest except in this way ; if the fact 
be as I state it, no theory of muscular action can be true which does not 
account for it. 

The effect on the reserve or store of nitrogen in the blood would be 
to leave in it more nitrogen than usual at the end of the two days’ rest. 
The men then commenced ordinary occupation, and immediately the 
muscles began again to contract and to assume more nitrogen in conse- 
quence of the increased exercise. As they had to regain their former 
composition, the elimination of nitrogen necessarily lessened, and the 
reserve must have fallen to its normal amount. They would use up the 
accumulation in the reserve as well as the fresh supply, and the equili- 
brium would be restored; this was nearly done in fact in a 
hours, as may be seen in the Table. 

After four days the men took excess of exercise. The elimination of 
nitrogen at once lessened, because more was used by the contracting 
muscles, and there were lesserintervals of rest, 
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The last 103 hours of the two exercise days formed a period of rest ; 
and during this time the excretion increased, and this increase continued 
more or less for four subsequent days. 

This might be explained by the passing off of excretory products 
formed during the contraction, according to the old theory ; but if so, it 
seems singular that the increased excretion should have been so mode- 
rate, and at the same time should have been spread over so many days, 
whereas on the hypothesis I have suggested it is easily explicable. 

During the exercise-period the extra action of the muscles had added 
a large amount of nitrogen to their structure; at the end of the time 
the muscles must have been bulkier, and therefore in the succeeding 
period of rest furnished a larger elimination of nitrogen than in the 
after rest-period when they were smaller. Moreover, after the exercise- 
period there was much more rest than after the rest-period. In the 
first day after the exercise the men were tired and rested the whole day, 
and even on the following days did not probably make so much exertion 
as usual. And the gradual elimination for so many days looks much 
more like a temporarily enlarged organ returning slowly to its normal 
size, than like the passage of accumulated excretory products; the chief 
product being the very soluble urea which is always so rapidly removed 
from the muscles that scarcely any can be detected in them. 

The facts observed in the experiments on a non-nitrogenous dict 
scem now to be also easily explained. The decrease in the urea during 
the period of exercise equally occurred, because the muscles used more 
nutrogen in their action than in the rest-period, taking it from the store, 
and thereby no doubt robbing other parts. 

During the two days of exercise without nitrogen, the muscles may 
have been just as well fed with nitrogen as during the experiments with 
300 grains, only other parts could not have been so; other organs and 
the muscles not called into play must have acquired nitrogen with more 
difficulty, and consequently when nitrogen was again given, a large 
portion was retained to replenish the store and to feed the organs which 
had been on short allowance. 

The quantity retained when nitrogen was again given did not serve (we 
may suppose) to nourish muscles exhausted by the exercise (which on my 
theory had even increased in nitrogenous constituents), but other parts. 

If this reading of the facts be admitted, it may be asked how it will 
affect the inference drawn from the experiments of Professors Fick and 
Wislicenus. They determined the nitrogen discharged, calculated how 
much muscle it represented, and then argued (and as Dr. Frankland has 
shown, correctly argued) that this amount of muscle could not have pro- 
duced the mechanical force which had been exerted. But it is apparent, 
if I am correct, that the measure of the work must be the amount of 
nitrogen appropriated by, and not that eliminated from, the muscle, 
and this was not shown in their celebrated experiments. 

But though doubt may be raised as to the basis of their opinion, I 
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conceive the opinion itself was probably correct. Because even if the 
work is done during the period when nitrogen is added, and not when it 
is eliminated, it is difficult to suppose that the changes in the nitrogen 
are on a scale large enough to account for the result, or that the trans- 
_ formation of a particle of blood-albumen into a particle of muscle-albumen 

could be attended by any chemical changes which per se could equal the 
mechanical force produced. But we can imagine that such a transforma- 
tion may be the cause of changes in the non-nitrogenous substances to 
which the manifestation of force is really owing. There is no reason 
why disintegration should be more attended with such changes than 
formation. Indeed it is perhaps more often that the union of chemical 
substances is attended by signs of transformation of force than their dis- 
union. Or the stimulus which causes the addition of the nitrogen to the 
muscle may at the same moment originate the changes in the non-nitro- 
genous substances. 

The fact that the substances the presence of which in the muscle 
suspends the contraction (and therefore, if I am right, the growth of 
muscle), appear from Ranke’s latest observations to be derived from the 
non-nitrogenous substances, is another argument in favour of the view 
that great changes go on in these substances during muscular action. 

If the opinion of Professors Fick and Wislicenus to this extent, and 
if the experiments of Ranke and others on the effect of the effete pro- 
ducts be adopted, the following would be the theory of muscular action 
I would propose. 

When a voluntary muscle is brought into action by the influence of 
the will, it appropriates nitrogen and grows; the stimulus or the act of 
union gives rise to changes in the non-nitrogenous substances surround- 
ing the ultimate elements of the muscular substance which cause the 
conversion of heat into motion. The contraction continues (the will 
still acting) until the effete products of these changes arrest it; a state of 
rest ensues, during which time the effete products are removed, the muscle 
loses nitrogen, and can again be called into action by its stimulus. 

This theory not only explains the experiments now recorded, but 
simplifies our ideas both of the growth and of the wasting of muscle, 
and seems likely to explain more easily some processes in disease. 

Tt is also in greater accordance with the rules of diet derived from 
experience than the theory of Fick and Wislicenus. If correct, it shows 
why the muscle requires nitrogen for its action, and why increased 
action requires increased nitrogen. The food must either supply this, 
or the store of nitrogen in the blood and other organs must be lessened*. 


* That an increased supply of fat, and perhaps of starches, is also desirable has long 
been practically recognized, though the store of fat already in the body renders this less 
necessary for atime. The observations of Lawes and Gilbert seem to me to render it 
possible that when a muscle parts with its nitrogen, fat is formed, and if so, a muscle 
disintegrating during rest may form a store of fat m its texture which may be further 
transformed at the next addition of nitrogen, z.e. at the next contraction. 


1867. On Variation of Magnetic Declination. 59 


It enables us to understand why in a well-fed body it may be some 
time after nitrogen is cut off before the muscles have any difficulty in 
obtaining what they want, and why in a body ill-supplied with nitrogen 
exertion lessens, or if kept up produces bad effects. 

If exertion is persevered in under such circumstances, a failure 
somewhere is always observed. Frequently the nervous system or the 
heart shows signs of weakness, a resulé which could hardly be explaimed 
by the view of the Swiss Professors. It is certainly an argument for 
the view I have advocated, that it is in harmony with the teachings of 
experience, and restores to the rules of diet their old significance. 


X. “Note on the Lunar-diurnal Variation of Magnetic Declina- 
tion.’ By J. A. Broun, F.R.S. Received May 11, 1867. 
Tausanne, 7th May, 1867. 

I received late last night No. 91 of the Proceedings of the Royal 
Society, and desire to offer the following remarks on the abstract 
of a paper by Mr. Neumayer which I find therein (vol. xy. p. 414). 

Mr. Neumayer is evidently unacquainted with the Note by me, read to 
the Royal Society of London in 1861 (Proc. Roy. Soe. vol. x. p. 475), in 
which I stated as result of the discussions of five years’ observations at 
Trevyandrum (near the magnetic equator) that the lunar-diurnal varia- 
tion of magnetic declination became inverted, like the solar-diurnal 
variation, when the sun passed from one hemisphere to the other, 
both the solar- and lunar-diurnal variations depending on the position 
of the sun. 

I also stated the laws of the lunar-diurnal variation, not only for 
the moon north and south, as Mr. Neumayer has done, but also for 
the moon on the equator moving northwards, and again on the equator 
moving southwards, the laws being different for the moon in the same 
position according as she was moving in one direction or in the other. 

I pointed out in the Transactions of the Royal Society of Edin- 
burgh (vol. xvii. p. 354), that the reversal of movement of the declina- 
tion-needle with the sun north and south of the equator, observed 
within the tropics, had its equivalent in the different ranges of the 
solar-diurnal variation for summer and winter in high latitudes. It 
followed in like manner that, the lunar-diurnal variation being inverted 
with the solar-diurnal variation near the equator, a similar difference 
of ranges should be observed in the laws of lunar-diurnal variation for 
summer and winter in the higher latitudes. Of this fact I satisfied 
myself by a rediscussion of the Makerstoun observations, after re- 
jecting the large disturbances. 

Another consequence of the law of inversion of the lunar-diurnal 
variation near the equator with the sun’s passage from one hemi- 
sphere to another, and with the inversion of the solar-diurnal varia- 
tion, was the opposition or approximate opposition of the mean curves 
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of lunar-diurnal variation in the higher latitudes of the two hemi- 
spheres. This conclusion, however evident at the time my note was 
written (1861), appeared opposed to the fact, since the law of lunar- 
diurnal variation at Toronto, according to General Sabine’s discussion, 
was an inversal of that at Prague and Makerstoun, all three places 
in the same hemisphere; this I pointed out at the time (Proc. Roy. 
Sec. vol. x. p. 475). This statement seems to have caused a re- 
examination of the Toronto discussion, as General Sabine afterwards 
discovered that west had been substituted for east in his original 
memoir. 

Tt followed from the similarity of the laws for the sun and moon 
discovered by me, and, this correction made, from the observations in 
the two hemispheres, that the mean law for a north latitude should be 
the inverse of that for a south latitude; or that a maximum of easterly 
declination in one hemisphere should be simultaneous, or nearly so, 
with a minimum im the other. 

My chief object now is to draw attention to the fact (published in 
1861) of the similarity of the changes of the laws of solar- and lunar- 
diurnal variations of the magnetic needle, with the sun’s change of 
declination, as this fact appears to have escaped the notice of those 
men of science who since then have been engaged in proving inde- 
pendently the conclusions which follow from the note now referred to. 

Mr. Neumayer remarks “that in some cases the lunar-diurnal 
variation manifests itself in a very striking manner during the winter 
months.” This fact I had already remarked in the discussion of the 
Makerstoun observations for 1844 and 1845; but I have shown in a 
paper forwarded lately to the Royal Society of Edinburgh that the 
effect of the lunar action is sometimes greater than that of the solar 
action; and this is made evident from the lunar-diurnal variations for 
single days, as well as in the means deduced from a single lunation 
(Dec. 1858 to Jan. 1859) for each of the four positions of the moon 
already referred to. 


XI. “An Account of Observations on the great Nebula in Orion, 
made at Birr Castle, with the 3-feet and 6-feet Telescopes, 
between 1848 and 1867.” By Lord Oxmanrown. Communi- 
cated by the Harl of Rossr, K.P., &. Received June 17. 


(Abstract. ) 


In this paper an account is given of the observations which have been 
made with the 8-feet and 6-feet telescopes on the great Nebula in 
Orion during the last eighteen years. The observations are accom- 
panied by an elaborate drawing. 

In the year 1852, Mr. Bindon Stoney made a drawing of the Huy- 
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genian region; it was repeatedly compared with the nebula by several 
persons, and we believe therefore that it was quite accurate. It is 
not now an exact representation of the nebula as it exists, conse- 
quently there seems to be strong evidence of change. 

The observations were continued by Mr. Hunter from 1860 to 1864, 
and by me to the present time. A drawing was made by Mr. Hunter 
while he was assistant, and it has been verified by me in almost all its 
details, and extended considerably. In one place, where there is a dis- 
agreement between Mr. Hunter’s drawing and mine, Mr. Hunter had 
previously been under the impression that some change was going on. 

The nebula, when nearly on the meridian, was examined with the 
6-feet instrument and with the 3-feet instrument, before and after that 
time. The appearance of the nebula differs from night to night, as the 
faint details come out more or less perfectly in the different states of 
the atmosphere; but the drawing represents it as seen on the best 
nights. 

The present drawing contains many new stars, some laid down by 
the micrometer, and others by eye estimation. The nebula has been 
traced to a distance of fully 40’ North, and about the same distance 
South of the trapezium, on the following side to a distance of about 
30’, and to a much greater distance on the preceding side. 

As to resolvability, the brighter parts contain a great number of 
minute stars, gevierally of a reddish colour. With the spectroscope 
three Lright lines were seen, but there was no certain evidence of a 
continuous spectrum. The results arrived at by means of the spec- 
troscope do not, however, appear to be at variance with our observations 
on resolvability, as even if the whole nebula were to consist of minute 
stars, the continuous spectrum produced by them would still be ex- 
tremely faint. 


XII. “On the apparent relation of the Nerves to the Muscular 
Structures in the Aquatic Larva of Tipula crystallina of De 
Geer.” By Ricuarp L. Mappox, M.D. Communicated by 
Dr. SHarrey. Received June 18, 1867. 


(Abstract. ) 

To avoid as much as possible errors that might be attributable to a 
faulty mode of examination, the figures and photographs have all been 
made from the larve alive, and in their natural medium, except two 
instances in the drawings and one in the photographs. After alluding 
to the effects of various reagents which were generally found useless in 
“ differentiating” the fine nervous structures, and the ordinary mode of 
branching in the nerves from the ganglionic chain, two particular 
methods of termination are selected as illustrative of the relation be- 
tween the muscular and neryous tissues. One, termed the “flabelliform,” 
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where the nerve on approaching the muscular sheath expands into a 
fan shape, and with its fine granular and nucleated contents embraces 
the muscle in form of the letter A, without any evidence of the granu- 
lar matter and sarcous elements being in absolute contact; the other, 
called the “stapiform” or stirrup-shaped. The latter, in its early 
‘stage, is knobbed in appearance. This, the early stage, is shown gra- 
dually passing into the cellular, looped, or stirrup form, embracing the 
fine muscular structure somewhat obliquely, or passing entirely round it, 
and projecting beyond itsedge. In this form also there was no evidence 
of any union of the granular contents with the sarcous elements, 
_ though firm union existed between their sheaths or outer membranes. 
Fine networks, ending apparently in a granular irregular spot with a 
pale centre and uniting, are pointed out. ‘The relation and union 
of short muscles passing between others, and nerve-fibres lying along-. 
side them, with flabelliform expansions, are remarked on, and shown 
in the figures and photographs. 

Muscles undergoing degeneration, or the metamorphic change, are 
‘noticed, and in no instance could a nerve-fibre be seen attached to 
them, or a fibre that could with certainty be traced to any nerve or 
ganglion. No change was obgerved of a definite character, as regards 
the mode of union, “etfs muscular contraction. Some = the finest 
muscular fibres are passed by for special reasons, as constant motion 
&e. Attention is called to the blood-corpuscles, or to corpuscles which, 
for convenience, are called creeping corpuscles, and several - figures 
given. The peculiarities of these bodies are regarded as of consi- 
derable importance, and, coupled with a remark in Dr. Beale’s contri- 
bution to the Transactions of the Royal Society, read May 21st, 1863, 
in reference to the movement of all forms of living matter. 

A figure is given of the head of the larva, with the pharyngeal por- 
tion of the digestive tract exserted, which was kept alive for many 
days ; also of the beautiful buccal plexus regarded as nervous, though not 
traced from its source. Attention is directed to the difference in the 
condition of the larva when this portion is exserted by compression, 
causing death. . 

The difficulties attending this double method of delineation arising 
from muscular contraction, from the movements of the dorsal vessel, and 
the digestive tube, and from the thickness of the tissues within and be- 
yond the true focus, rendered almost hopeless the efforts to attain exact- 
ness between the drawings and the photographs, or the rendering by 
sunlight alone of the minutest points, especially with high powers ; still 
the photographs are associated to give a truthfulness to the orca by 
hand. 

The terminations of some nerves in the blood-red larva of another gnat, 
showing the distinct flabelliform arrangement, are also briefly alluded 
to, with figures to sustain the views advanced. 
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XIII. On the Identity of the Body in the Atmosphere which 
-decomposes Iodide of Potassium with Ozone.” By THomas 
Anprews, M.D., F.R.S. Received June 20, 1867. 


It was assumed for many years, chiefly on the authority of Schénbein, 
that the body in the atmosphere which colours iodide-of-potassium 
paper is identical with ozone; but this identity has of late been called 
in question, and as the subject is one of considerable importance, I 
_ submitted it lately to a careful investigation, the results of which I beg 

to lay briefly before the Society. The only property of ozone, hitherto 
recognized as belonging to the body in the atmosphere, is that of setting 
iree the iodine in iodide of potassium ; but as other substances, such as 
nitric acid and chlorine, which may possibly exist in the atmosphere, 
have the same property, no certain conclusion could be drawn from 
this fact alone. 

One of the most striking properties of ozone is its power of oxidizing 
mercury, and few experiments are more striking than that of allowing 
some bubbles of electrolytic oxygen to play over the surface of one or 
two pounds of mereury, The metal instantly loses its lustre, its mo- 
bility, and its convexity of surface, and when moved about it adheres in 
thin mirror-like films to the sides of the containing glass vessel. The 
body in the atmosphere acts in the same way upon pure mercury ; but, 
from the very minute quantity of it which is at any time present, the 
experiment requires some care in order that the effect may be observed. 
On passing a stream of atmospheric air, which gave the usual reactions 
with test-paper, for some hours oyer the surface of mercury in a U-tube, 
the metal was distinctly oxidized at the end at which the air first came 
into contact with it. 

This experiment, however, cannot be considered conclusive, as mercury 
will tarnish and lose its mobility under the influence of many bodies 
besides ozone. 

It is well known that all ozone reactions disappear when ozone 
is passed through a tube containing pellets of dry peroxide of man- 
ganese, or other body of the same class. The same thing occurs with 
the substance supposed to be ozone inthe atmosphere. About 80 litres 
of atmospheric air were drawn, at a uniform rate, through a tube con- 
taining peroxide of manganese, and afterwards made to play upon very 
delicate test-paper. Not the slightest coloration occurred, although the 
same paper was distinctly affected when 10 litres of the same air, with- 
out the interposition of the manganese tube, were passed over it. 

But the action of heat furnishes the most unequivocal proof of the iden- 
tity of the body inthe atmosphere with ozone. In a former communi- 
cation (Phil. Trans. for 1856,:p.12) IL showed that ozone, whether ob- 
tained by electrolysis or by the action of the electrical brush upon oxy- 
gen, is quickly destroyed at the temperature of 237° C. An apparatus 
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was fitted up, by means of whicha stream of atmospheric air could be » 
heated to 260° C. in a globular glass vessel of the capacity of 5 litres. On 
leaving this vessel, the air was passed through a U-tube, one metre in 
length, whose sides were moistened internally with water, while the 

tube itself was cooled by being immersed in a vessel of cold water. On 
- passing atmospheric air in a favourable state through this apparatus, 
at the rate of three litres per minute, the test-paper was distinctly 
tinged in two or three minutes, provided no heat was applied to the 
glass globe. But when the temperature of the air, as it passed through 
the globe, was maintained at 260° C., not the slightest action occurred 
upon the test-paper, however long the current continued to pass. 
Similar experiments with an artificial atmosphere of ozone, that is, with 
the air of a large chamber containing a small quantity of electrolytic 
ozone, gave precisely the same results. On the other hand, when small 
quantities of chlorine or nitric acid vapour, largely diluted with air, 
were drawn through the same apparatus, the test-paper was equally 
affected, whether the glass globe was heated or not. 

From these experiments I consider myself justified in concluding 
that the body in the atmosphere, which decomposes iodide of potassium, 
is identical with ozone. 


XIV. “On the Anatomy of Balenoptera rostrata, Fab.’ By AxEx- 
ANDER Carre, M.A., M.D., F.R.C.S.I., F.U.8., M.R.LA., &c., 
and ALEXANDER Macauistrer, M.D., L.R.C.8.1., Demonstrator 
of Anatomy, Royal College of Surgeons, Ireland, &e. Com- 
municated by W. H. Frowsr, Esq. Received June 20, 1867. 


‘ (Abstract.) 


In this paper the authors give an account of the dissection of a young 
female of the Lesser Fin or Piked Whale, which was captured off 
Clougher Head, Co. Louth, Ireland, on the 8th of May 1863. 

After describing its external form, and giving accurate measure- 
ments of its various parts, the authors point out some differences be- 
tween the relative sizes and positions of the organs of the animal as 
‘contrasted with similar parts of those of the same species which have 
been recorded by previous writers, especially as regards the position of 
the dorsal fin, which appendage seems to vary in situation in different 
individuals; and show, that consequently no value, as indicative of 
species, ought to be attached to its relative position. 

This is followed by a description of the osteology of the animal; and 
attention is drawn to the fact that the body of the axis vertebra is com- 
posed, in part, by the displaced body of the atlas, showing that what at 
‘present forms the upper half of the centrum of the axis, is in reality the 
centrum of the atlas. 
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The myology of the different regions of the animal has been closely 
investigated, especially the rudimentary muscles of the paddle, which 
latter the authors have minutely examined. 

The anatomy of the mouth, pharynx, and blowholes is described, and 
the mechanism by which the functions of respiration and deglutition 
are performed. In connexion with the larynx, a remarkable muscular 
pouch is mentioned as existing, which appendage is supposed by the 
authors to be accessory to the act of expiration, serving a somewhat 
similar office to that of the air-reservoir in a double-action bellows. 
Directly in front of the glottis there existed a peculiar hood-like fold of 
mucous membrane arranged in such a way as to allow of its being 
drawn over the orifice, and so prevent the entrance of all foreign sub- 
stances into the respiratory tract during the act of deglutition. 

The tongue was found fixed, as far as its tip, by a thick frenum. 
The lateral walls of the submaxillary cavity were thrown into folds, 
thereby admitting of considerable distention, this arrangement being 
peculiarly adapted to the feeding requirements of the animal. The 
number of baleen plates found in the specimen was 280 on each side. 

The muscles for acting on the blowholes were arranged in three 
strata, the superficial and deepest layers being used in opening, and the 
intermediate one for closing the nasal canals. 

The anatomy of the eye and ear is fully described in the original 
paper, together with that of the digestive, nervous, and vascular 
systems ; in connexion with this last, remarkable vascular retia were 
found, situated in the axillary, submaxillary and cervical regions. 

In the preceding brief abstract the writers have endeavoured to give 
an outline of their numerous observations on the anatomy of this Ceta- 
cean, believing that it presents many features of novelty and interest 
not hitherto recorded. 


XY. ‘On the Distribution of the Fibres in the Muscular Tunics of 
the Stomach in Man and other Mammalia.” By James Bett 
Pettigrew, M.D. Communicated by Gzorce Bus, Esq. 
Received June 20, 1867. 


(Abstract. ) 


The author of the present memoir has examined in succession the 
stomach of the several domestic animals, the Whale, Porpoise, Bear, 
Puma, Sloth, Ceebus Monkey, Howling Monkey, Orang-Otang, Chim- 
panzee, and particularly Man, both in the feetal and adult state. 

The plan adopted in the examination was to distend the viscus im- 
mediately after its removal from the body with water or air, and view 
it as a transparent object ; to blanch the stomach by maceration, and 
distend it with plaster of Paris, tinted with blue, or to stain the parietes 
with carmine and inject with white plaster, the object in either case 
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being to throw the delicate fibres into strong relief. By adopting 
those methods, the author has been able to show that the arrangement 
of the fibres in the stomach remarkably resembles that found in the 
heart* and bladder}. This is particularly the case in the human sto- 
mach, where the fibres are most highly differentiated. In it the fibres 
pursue complicated, but well-marked directions ; the most external and 
most internal fibres maintaining a more or less longitudinal course, 
the deeper or more central ones becoming more and more oblique as 
the centre of the parietes is reached. 

The fibres cross each other with great regularity, both from without 
and from within, the longitudinal intersecting the very oblique at nearly 
right angles, the slightly oblique and oblique at more acute angles. The 
slightly oblique, oblique and very oblique fibres are spiral in their 
nature, and form, or tend to form, figure-of-8 loops. These loops are 
directed towards the greater and lesser curvatures of the stomach, but 
are also traceable on the great cul-de-sac or fundus, and on the lesser 
cul-de-sac or antrum pylori. As a result of the looped distribution of 
the fibres, the root of the cesophagus and the pylorus are invested with 
oblique and very oblique spiral fibres, arranged symmetrically in two 
sets. These fibres pursue opposite directions, and surround the entrance 
into and exit from the stomach after the manner of sphincters. The 
crossing and looping of the fibres extends also to the body of the viscus, 
and shows that the so-called circular layer is in reality composed of very 
oblique spiral fibres, intersecting at very obtuse angles. 

The fibres are arranged in different planes or strata, and may be 
divided into external and internal sets. These are united to each other 
by a mutual interchange of fibrous filaments; and the fibres of the 
several strata interweave to a slight extent, so that the term layer must 
be used in a restricted sense. The layers are indicated by the prevail- 
ing direction of the fibres, and are something like seven in number, 
three external and three internal, with an intermediate or central layer 
between. 

The fibres having the same direction, are in some instances strongly 
developed at one part of their course, and feebly at another. ‘They even 
become gradually attenuated, until they are no longer discernible. The 
muscular coat of the stomach is thickest towards the pylorus{ and root 
of the cesophagus ; then along the lesser curvature on either side of the 
mesial line; then along the greater curvature. It is thinnest on the 
anterior and posterior surfaces, and towards the cardiac end. 


* “On the Arrangement of the Muscular Fibres in the Ventricles of the Vertebrate 
Heart, with Physiological Remarks,” by the author, Phil. Trans. part 3. 1864, p, 445. 

t ‘‘On the Muscular Arrangements of the Bladder and Prostate, and the manner in 
which the Ureters and Urethra are closed,” by the author, Phil, Trans. part 1. 1867. 

{ In the stomach of the Bear the walls of the antrum pylori are fully a quarter of an 
inch in thickness. 
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The gradual diminution in the thickness of the coat of the stomach 
18 occasioned by the fibres of one layer or stratum radiating and be- 
coming more and more delicate, while those of another and opposite 
layer converge and become stronger and stronger ; it usually happening 
that the stronger fibres supplement the weaker ones, so that the parietes, 
although not of uniform thickness, are not suddenly strong and weak in 
parts, but graduated. The only sudden thickening occurs in the shape 
of two ridges which run along the lesser curvature about an inch apart. 
The ridges in question are very distinct in the stomach of the Cat. 
They can also be detected in a modified form in the stomach of the 
Monkey and of Man. | 

The dissections on which the above communication is based are pre- 
served in the Museum of the Royal College of Surgeons of England; 
and the paper is illustrated by numerous original figures showing the 
distribution of the fibres in the stomachs of the Herbivora, Carnivora; 
and Omnivora. 


XVI. “On a Self-acting Apparatus for multiplying and maintain- 
ing Electric Charges, with applications to-illustrate the Voltaic 
Theory.” By Sir W.THomson, F.R.S., Glasgow University. 
Received June 19, 1867. 


In explaining the water-dropping collector for atmospheric electricity, 
in a lecture in the Royal Institution in 1860, I pointed out how, by 
disinsulating the water-jar and collecting the drops in an insulated 
vessel, a self-acting electric condenser is obtained. If, owing to elec- 
trified bodies in the neighbourhood, the potential in the air round the 
place where the stream breaks into drops is positive, the drops fall 
away negatively electrified; or vice versd, if the air potential is negative, 
the drops fall away positively electrified. The stream of water descend- 
ing does not in any way detract from the charges of the electrified 
bodies to which its electric action is due, provided always these bodies 
are kept properly insulated; but by the dynamical energy of fluid- 
motion, and work performed by gravity upon the descending drops, 
electricity may be unceasingly produced on the same principle as by 
the electrophorus. But, as in the electrophorus, there was no provision 
except good insulation for maintaining the charge of the electrified 
body or bodies from which the induction originates. This want is 
supplied by the following reciprocal arrangement, in which the body 
charged by the drops of water is made the inductor for another stream, 
the drops from which in their turn keep up the charge of the inductor 
of the first. 

To stems connected with the inside coatings of two Leyden phials 
are connected metal pieces, which, to avoid circumlocution, I shall call 
inductors and receivers. Each stem bears an inductor and a receiver 
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the inductor of the first jar being vertically over the receiver of the 
second jar, and vice versd. Each inductor consists of a vertical metal 
cylinder (fig. 1), open at each end. Hach receiver con- 
sists of a vertical metal cylinder open at each end, but 
_ partially stopped in its middle by a small funnel (fig. 1), 
with its narrow mouth pointing downwards, and situated a 
little below the middle of the cylinder. Two fine vertical 
streams of uninsulated water are arranged to break into 
drops, one as near as may be to the centre of each inductor. 
The drops fall along the remainder of the axis of the in- 
ductor, and thence downwards, along the upper part of the 
axis of the receiver of the other jar, until they meet the 
funnel. The water re-forms into drops at the fine mouth 
of the funnel, which fall along the lower part of the axis of 
the receiver and are carried off by a proper drain below 
the apparatus. Suppose now a small positive charge of 
electricity be given to the first jar. Its inductor electrifies 
negatively each drop of water breaking away in its centre 
from the continuous uninsulated water above; all these 
drops give up their electricity to the second jar, when they 
meet the funnel in its receiver. The drops falling away 
from the lower fine mouth of the funnel carry away ex- 
cessively little electricity, however highly the jar may be charged; 
because the place where they break away is, as it were, in the in- 
terior of a conductor, and therefore has nearly zero electrification. 
The negative electrification thus produced in the second jar acts, 
through its inductor, on the receiver of the first jar, to augment the 
positive electrification of the first jar, and causes the negative elec- 
trification of the second jar to go on more rapidly, and so on. The 
dynamical value of the electrifications thus produced is drawn from the 
energy of the descending water, and is very approximately equal to the 
integral work done by gravity, against electric force on the drops in 
their path from the point where they break away from the uninsulated 
water above, to contact with the funnel of the receiver below. In the 
first part of this course each drop will be assisted downwards by electric 
repulsion from the inductively electrified water and tube above it; but 
below a certain point of its course the resultant electric force upon it will 
be upwards, and, according to the ordinary way of viewing the compo- 
sition of electric forces, may be regarded as being at first chiefly upward 
repulsion of the receiver diminished by downward repulsion from 
the water and tube, and latterly, the sum of upward repulsion of the 
receiver and upward attraction of the inductor. The potential method 
gives the integral amount, being the excess of work done against electric 
force, above work performed by electric force on each drop in its whole 
path. It is of course equal to m V, if m denote the quantity of elec- 
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tricity carried by each drop, as it breaks from the continuous water 
above, and V the potential of the inner coating of the lower jar, the 
potential of the uninsulated water being taken as zero. The practical 


Fig. 2. 


limit to the charges acquired is either when one or other of them is so 
strong as to cause sparks to pass across some of the separating air-spaces, 
or to throw the drops of water out of their proper course and cause 
them to fall outside the receiver through which they ought to pass. 
It is curious, after commencing with no electricity except a feeble 
charge in one of the jars, only discoverable by a delicate electrometer, 
to see in the course of a few minutes a somewhat rapid succession of 
sparks pass in some part of the apparatus, or to see the drops of water 
scattered about over the lips of one or both the receivers. 

The Leyden jars represented in the sketch (fig.2) are open-mouthed jars 
of ordinary flint glass, which, when very dry, I generally find to insulate 
electricity with wonderful perfection. The inside coatings consist of 
strong liquid sulphuric acid, and heavy lead tripods with vertical stems 
projecting upwards above the level of the acid, which, by arms projecting 
horizontally above the lip of the jar, bear the inductors and receivers as 
shown in fig. 2. Lids of gutta percha or sheet metal close the mouth 
of each jar, except a small air-space of from 3 to 7 of an inch round the 
projecting stems. If a tube (fig.3) be added to the lid to prevent 
currents of air from circulating into the interior of the jar, the in- 
sulation may be so good that the loss may be no more than one per 
cent. of the whole charge in three or four days. Two such jars may he 
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kept permanently charged from year to year by very slow water-dropping 
arrangements, a drop from each nozzle once every two or three minutes 
being quite sufficient. 


The mathematical theory of the action appended below * is particu- 
larly simple, but nevertheless curiously interesting. 

The reciprocal electrostatic arrangement now described, presents an in- 
teresting analogy to the self-sustaining electromagnetic system recently 
brought before the Royal Society by Mr. C. W. Siemens and Pro- 
fessor Wheatstone, and mathematically investigated by Professor Clerk 
Maxwell. Indeed it was from the fundamental principle of this electro- 
magnetic system that the reciprocal part of the electrostatic arrange- 
ment occurred to me recently. The particular form of self-acting electro- 
phorus condenser now described, 1 first constructed many years ago. 


* Let c, c' be the capacities of the two jars, /, /’ their rates of loss per unit potential 
of charge, per unit of time, and D, D’ the values of the water-droppers influenced by 
them. Let-+-v and —v’ be their potentials at time ¢; v and wv’ being both of one sign, 
in the ordinary use of the apparatus described in the text. The action is expressed by 


the following equations, 
pooh te, ere! Du te 

dt dt 
Tf c, D, J, c’, D’, ’ were all constant, the solution of these equations would be, for the 
case of commencing with the first jar charged to potential 1, and the second zero, 


as ola eC ore =D 6 
c'(p—o) , '(p—a)’ 
with the corresponding symmetrical expression for the case in which the second jar is 
charged, and the second at zero, in the beginning ; the roots of the quadratic 
(cx+1)(e'x+U/)—DD’=0 
being denoted by p and c. When ///> DD’, both roots are negative ; and the electrifi- 
cation comes to zero in time, whatever may be the initial charges. But when //’ < DD’, 
one root is positive and the other negative; and ultimately the charges augment in pro- 


portion to «§ if p be the positive root. 
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I may take this opportunity of describing an application of it to illus- 
trate a very important fundamental part of electric theory. I hope 
soon to communicate to the Royal Society a description of some other 
experiments which I made seven years ago on the same subject, and 
which I hope now to be able to prosecute further. 

Using only a single inductor and a single receiver, as shown in fig. 1, 
let the inductor be put in metallic communication with a metal vessel 
or cistern whence the water flows; and let the receiver be put in com- 
munication with a delicate electroscope or electrometer. If the lining 
of the cistern and the inner metallic surface of the inductor be different 
metals, an electric effect is generally found to accumulate in the receiver 
and electrometer. Thus, for instance, if ‘the inner surface of the in- 
ductor be dry polished zinc, and the vessel of water above be of copper, 
the receiver acquires a continually increasing charge of negative elec- 
tricity. There is little or no effect, either positive or negative, if the 
inductor present a surface of polished copper to the drops where they 
break from the continuous water above: butif the copper surface be 
oxidized by the heat of a lamp, until, instead of a bright metallic sur- 
face of copper, it presents a slate-coloured surface of oxide of copper 
to the drops, these become positively electrified, as is Vig. 4. 
proved by a continually increasing positive charge ex- ue 
hibited by the electrometer. When the inner surface 
of the inductor is of bright metallic colour, either zine 
or copper, there seems to be little difference in the 
effect whether it be wet with water or quite dry ; also 
I have not found a considerable difference produced by 
lining the inner surface of the inductor with moist or 
dry paper. Copper filings falling from a copper funnel 
and breaking away from contact in the middle of a 
zine inductor, in metallic communication with a 
copper funnel, as shown in fig. 4, produces a rapidly 
increasing negative charge in a small insulated can 
catching them below. 

The quadrant divided-ring electrometer * indicating, 
by the image of a lamp on a scale, angular motions 
of a small concave mirror (4 of a grain in weight) such as I use in 
galvanometers, is very convenient for exhibiting these results. Its sen- 
sibility is such that it gives a deflection of 100 scale-divisions (2, of 
an inch each) on either side of zero, as the effect of a single cell of 
Daniell’s ; the focusing, by small concave mirrors, supplied to me by Mr. 
Becker being so good that a deflection can easily be read with accuracy 
to a quarter of a scale-division By adopting Peltier’s method of a small 
magnetic needle attached to the electric moveable body (or “needle”’), 
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* See Nichol’s Encyclopedia, 1860, article “Electricity, Atmospheric :” or Proceedings 
of the Royal Institution, May 1860; lecture on Atmospheric Electricity. 
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and by using fixed steel magnets outside the instrument to give directing 
force (instead of the glass fibre suspension of the divided-ring electro- 
meters described in the articles referred to), and by giving a measurable 
motion by means of a micrometer screw to one of the quadrants, I 
have a few weeks ago succeeded in making this instrument into an in- 
dependent electrometer; instead of a mere electroscope, or an electro- 
meter in virtue of a separate gauge electrometer, as in the Kew recording 
atmospheric electrometer, described in the Royal Institution lecture. 

Reverting to the arrangement described above of a copper vessel of 
water discharging water in drops from a nozzle through an inductor of 
zine, in metallic connexion with the copper, let the receiver be connected 
with a second inductor, this inductor insulated ; and let a second nozzle, 
from an uninsulated stream of water, discharge drops through it to asecond 
receiver. Let this second receiver be connected with a third inductor used 
to electrify a third stream of water to be caught in a third receiver, and 
soon. We thus have an ascending scale of electrophorus action ana- 
logous to the beautiful mechanical electric multiplier of Mr. C. F. Varley, 
with which, by purely electrostatic induction, he obtained a rapid suc- 
cession of sparks from an ordinary single voltaic element. This result 
is easily obtained by the self-acting arrangement now described, with 
the important modification in the voltaic element, according to which no 
chemical action is called into play, and work done by gravity is substi- 
tuted for work done by the combination of chemical elements. 


XVII. ‘“ Note on the Calculus of Chemical Operations.” 
By Professor Wititiamson. Received June 20, 1867. 


XVIII. “ Inferences and Suggestions in Cosmical and Geological Philo- 
sophy.—Second Series.—On the Luminous Atmosphere of 
the Sun, exterior to the Photosphere; and on the Probability 
that the Monochromatic Spectra, from which Mr. Huggins has 
inferred the Gaseous-Constitution of certain Nebule, are due in 
reality to the Luminous Atmospheres of their constituent Stars or 
Suns.” By E. W. Brayzey, F.R.S., F.R.A.S., Professor of 
Physical Geography and Meteorology in the London Institution. 
Received June 20, 1867. 


The Society then adjourned over the Long Vacation to Thursday, 
November 21. 
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T. “On the Colouring and Extractive Matters of Urine.”—Part I. 
By Epwarp Scuauncx, F.R.S. Received June 29, 1865%. 


Of all the animal secretions urine is undoubtedly one of the most 
important. Its varying properties, in health as well as in disease, the 
frequency with which it is emitted, and the consequent facility with which 
it may be submitted to examination, render it invaluable to the physiolo- 
gist and pathologist as a means of throwing light on the processes, either 
healthy or morbid, goimg on within the body. Its study has therefore 
engaged the attention of physiciaus since the earliest times, and of chemists 
from the period when chemical analysis was first employed in the exami- 
nation of natural objects. Notwithstanding the labour bestowed on the 
subject by many eminent men.during the past sixty years, it is still, how- 
ever, far from being exhausted. There are, indeed, portions of the 
chemistry of urine concerning which our ignorance is almost complete. 
It is one of these obscurer parts of the subject that I have endeavoured to 
clear up, and I hope to succeed in showing that I have added at least a 
few facts to the sum of our previous knowledge. 

Of all the properties of urine none is more obvious, even to the ordinary 
observer, than its colour. The variations in tint which it exhibits at 
different times are striking, even to the unpractised eye, and they some- 
times serve as important indications to the physician. Nevertheless con- 
cerning the chemical nature of the substances to which its colour is due 
very little is known. Our ignorance on this subject may be ascribed to 
various causes. In the first place, some of these substances occur in the 
urine only occasionally, and in very minute quantities, so that the prepa- 
ration of a quantity sufficient for chemical examination becomes difficult 
and even impossible, especially when the urine containing them is not 
abundant. Secondly, it has been found that some of them are very easily 
decomposed, so much so that the mere heat required for the evaporation 
of the urine seems to be sufficient to effect a change in their properties 
and composition. It therefore becomes doubtful, after a long process has 
been gone through for the purpose of separating any colouring-matter from ~ 
the other constituents of the urine (a process in which, perhaps, strong 
chemical reagents have been employed), whether the substance procured 
was originally contained as such in the urine, or is not rather a product 
resulting from the decomposition of some other substance or substances. 
Thirdly, several of the bodies colouring the urine possess very few charac- 
teristic properties. They are amorphous and syrup-like, and they retain 
water with so much pertinacity that on attempting to dry them they 
undergo decomposition. Neither their compounds nor their products of 
decomposition exhibit any distinguishing characteristics. They belong to 
a class on which, for want of a better, the name extractive matter has been 


* Read January 11, 1866; see Abstract, vol. xv. p. 1. 
VOL. XVI. G 
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conferred. With some chemists, to call a body an extractive matter is to 
place it among a class which is held to be unworthy of minute examina- 
tion. To others the name extractive matter is merely a convenient word 
for a mixture, sometimes cecurring in nature, of certain definite, perhaps 
even crystallized substances, which, by appropriate means, may be resolved 
- into its constituents, and thus be made to disappear entirely from the list 
of definite chemical bodies. As regards the extractive matter of urine, this 
view may to some extent be justified, when we recollect that from what 
was considered to be extractive matter sixty years ago, such well-character- 
ized. substances as urea, hippuric acid, and creatine have been successively 
eliminated; and it is therefore natural to expect that by further research 
it will be found to contain others of the same nature. I believe this view 
to be erroneous; and I shall succeed, I hope, in showing that, after having 
removed from the extractive matter of urine everything which can assume 
a definite form, there remains a residuum which cannot be further resolved 
without decomposition. Still, any one holding this view is not likely to 
undertake the investigation of extractive matters as such, unless it be for 
the purpose of obtaining something which may be supposed to be contained 
in them. Lastly, the properties of these colouring and extractive matters, 
however important they may be to the physiologist and pathologist, pre- 
sent so little that is interesting to the chemist, that the latter would pro- 
bably not occupy himself with their examination unless for some particular 
purpose. For myself, I frankly confess that, had I not had a special 
' object in view, this investigation would not have been undertaken. The 
information for the sake of which it was commenced having been obtained, — 
I should then have abandoned all further inquiry, had I not found 
reason to suppose, in the course of my experiments, that a more extended 
investigation would lead to results interesting from a physiological point of 
view. My endeavours have, I think, been attended with some measure of 
success; and should physiologists, on becoming acquainted with the results, 
be of the same opinion, my labour will not have been quite in vain. 

The colouring-matters which occurr in, or have been obtained from, 
urine may be divided into three classes, viz. :— 

Ist. Those which are only found occasionally in it, in So 
either of disease or of some abnormal state of the system. 

2ndly. Those which are produced by spontaneous decomposition, or by 
the action of reagents on substances, either coloured or colourless, pre- 
existing in the urine. 

3rdly. The colouring-matter or matters occurring in normal urine, and 
to which its usual colour is due. 

A few remarks on the present state of our knowledge on these three 
classes of pigments, as derived from the labours of my predecessors as well 
as my own, may not be out of place. 

I. The abnormal colouring-matters, which are found ready formed in 
the urine, may either be peculiar to the secretion, or their presence may be 
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due to an admixture of blood, bile, or milk, causing the urine to assume 
various shades of red, green, or white. The latter, as well as those which 
make their appearance in consequence of the administration of certain 
drugs, I leave entirely out of consideration. The others, or those peculiar 
to urine, may be conveniently divided, according to their colour, into three 
classes, viz., blue, purple or red, and black or brown colouring-matters. 
The appearance of a blue colouring-matter in urine has been frequently 
observed both in ancient and modern times. Cases of its occurrence have 
been recorded by Janus Plancus*, Delens+, Spangenberg t, Prout §, 
Simon ||, Braconnot ¥, Julia-Fontenelle **, Cantu ++, Reinseh Tt, and Du 
Meénil §§. In all these cases the urine yielded a deposit varying in colour 
from slate-grey to light blue, or even dark blue, consisting of a blue colour- 
ing-matter generally mixed with earthy phosphates. The colouring- 
inatter, after being separated from the impurities with which it was con- 
taminated, was in most of these cases found to have so many properties in 
eommon with indigo-blue that several observers, such as Prout and Simon, 
seemed to have no doubts concerning its identity with the latter. It was, 
for instance, insoluble in water, but somewhat soluble in alcohol and ether. 
It was destroyed by nitric acid, but was not affected by other acids, except 
concentrated sulphuric acid, with which it yielded a blue solution. It was 
not dissolved by alkalies, except when some reducing agent, such as grape- 
sugar, was added at the same time. It then dissolved, but was again de- 
posited from the solution on exposure to the air. On being heated, it 
yielded a violet-coloured vapour. Julia-Fontenelle and Cantu, however, 
maintain that the colour in the cases examined by them was due to prus- 
sian blue; and Angelini |||| suggests that it may possibly be ascribed to 
phosphate of iron. Lastly, Braconnot has described a blue colouring- 
matter obtained from urine, which, if his observations are correct, differs 
entirely from all other pigments derived from the same source. Like 
indigo-blue it was insoluble in water and alkalies, and only slightly soluble 
in boiling alcohol ; but, on the other hand, it dissolved with ease in dilute 
acids, forming solutions of a brownish-yellow colour, which, on the addi- 
tion of an excess of acid, assumed a brilliant red tint. From its solution 
in acid it was precipitated by alkalies and alkaline earths. To this colour- 
ing-matter Braconnot gave the name of cyanourine. Since his time, how- 


* Commentarii Instituti Bononiensi ad ann. 1767. 

+ Schweigger’s Journal f. Physik u. Chemie, B. xxiii. 8. 262. 

¢ Ibid. B. xlvii. 8. 487. 

§ On Stomach and Renal Diseases, 5th ed., p. 567. 

|| Simeon’s Animal Chemistry, translated by Day, vol. ii. pp. 274 & 327. 
§; Annales de Chimie et de Physique, t. xxix. p. 252. 

** Archives générales de Médecine, t. ii. p. 104. 
tt Mémoires de Académie Royal de Turin. 

tt Jahrbuch f. Pract. Pharm., B. viii. 8. 93. 
§§ Archiv d. Pharm., B. xxxix. 8. 48. 
|| Giorn. di Fisica, Dec, IL. t. viii. (1825). 
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ever, no one has obtained any substance from urine having exactly the 
same properties. The urines which deposit the blue colouring-matter are 
not found to exhibit any peculiarities in other respects, nor does the deposit 
appear to be characteristic of any peculiar class of diseases. It seems 

occasionally even to make its appearance during a state of perfect health. 
Sometimes the deposit seems to contain also another colouring-matter, 
more easily soluble in alcohol and ether, to which it communicates a fine 
purple colour. | 

The deposits of urate of ammonia and urate of soda, which are formed 
in urine during fever and other diseases, are always found to exhibit 
different shades of red, varying from pink to carmine. To what this 
colour is to be attributed has not yet been satisfactorily ascertained. 
Proust *, who was the first chemist to examine these deposits, thought 
that he had discovered in them a peculiar coloured acid, which he called 
rosacic acid. It is almost certain, however, that the acid properties of 
this body were due to an admixture of uric acid. Indeed, Vauquelin, after 
an examination of this so-called acid, arrived at the conclusion that it was 
a compound of ordinary uric acid with an intensely red colouring-matter. 
Vogel +, it is true, professed to have obtained pure rosacic acid by treating 
the crude deposits with boiling alcohol, but as, according to him, it is con- 
verted with great facility into uric acid by the action of sulphuric and 
nitric acid, it is very probable that his substance still contained some of 
the latter acid, and that the supposed conversion consisted merely in a 
destruction of the organic colouring-matter. Fromherz and Gugert¢ also 
made some experiments with these red deposits, from which they infer 
that rosacic acid consists of a neutral, red extractive colouring-matter, 
mixed with uric acid and urate of soda, which may be separated by treat- 
ing the mixture first with water and then with warm alcohol, which dis- 
solves the colouring-matter. The latter, after being thus separated from 
the other constituents, no longer yields uric acid. Prout § suggested that 
the colour of the red deposits might be due to purpurate of ammonia, the 
purpuric acid beg formed in some unexplained manner by the action of 
nitric acid on a portion of the uric acid contained in them. To this it 
was objected by Berzelius || that purpurate of ammonia is insoluble in 
alcohol. He mixed urate of ammonia with a solution of a purpurate in 
acetic acid, which does not destroy the colour, and he observed that the 
precipitated uric acid acquired a pale pink colour closely resembling that 
of the urinary deposits ; but this colour was not removed by boiling alcohol, 
in which, on the contrary, the colouring-matter of the red deposits is easily 
soluble. Duvernoy 4] asserts that he succeeded in preparing a colouring- 
matter identical with that of the red deposits by evaporating ordinary 

* Annales de Chimie, t. xxxvi. p. 265. tT Ibid. t. xevi. p. 306. 

{ Schweigger’s Journal, B. 1. 8. 199. § Annals of Philosophy, vol. xv. p. 155. 


|| Lehrbuch der Chemie, B. ix. 8. 421. 
€ Untersuchungen iiber den menseblichen Urin, Stuttgart, 1835, 
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healthy urine to one-third or one-fourth of its volume, adding a little nitric 
acid, allowing it to stand for a day, during which time the colour of the 
liquid changed from yellowish brown to dark red, and then mixing with a 
solution of urate of potash. A precipitate was thereby formed of uric acid, 
having the same red colour as the natural red deposits, from which the red 
colouring-matter could be extracted by means of alcohol. Recent observers 
have given names to this colouring-matter, such as wroerythrine and purpu- 
rine, without, however, adding anything of importance to our knowledge of its 
properties. The method adopted by them for its preparation is essentially 
the same as that first suggested by the earlier chemists. The deposits 
containing it are washed with water, and then digested with warm absolute 
alcohol, which takes up the colouring-matter and, after filtration and eva- 
poration at a temperature not exceeding 50°C., leaves it in the form of a 
red amorphous residue. It cannot be obtained by evaporating the urine 
containing it ; but on dissolving white and pure urate of ammonia in urine 
(which by its pink or purple colour indicates the presence of purpurine), the 
salt is precipitated, on cooling, deeply coloured, and yields the colouring- 
matter on being treated in the way just described. It is not improbable 
that this purpurine and the blue colouring-matter just referred to may 
stand in some relation to one another. An observation made by Angelini * 
seems to favour this view. This chemist, being desirous of examining the 
pink deposit which was being formed in his own urime during an attack of 
fever, had it collected and laid aside; but being unable, from the state of 
his health, to examine it at once, it remained for some days exposed to the 
atmosphere, and during this time the pink colour changed in many places 
into blue. On leaving it to stand for some time longer, the blue tint did 
not spread further, but the spots became darker in colour. 

Instances of black urine are even of rarer occurrence than those of urine 
coloured blue. Indeed in many cases the black colour seems to have been 
due to red or purple pigments, which communicated to the urine so deep 
a tint as to make it appear black. Dulk, for instance, obtained from a 
black urine a substance of the same colour containing iron, which Berzelius+ 
with some reason suspected to be merely hematine. In the case described 
by Marcet {, the urine appears to have been purple, or purplish-brown in 
the first instance, and to have become black on standing. It contained no 
red blood-globules and no trace of iron, and yielded no coloured deposit on 
standing for a length of time, the colouring-matter being kept in solution 
by the alkali, which was always present in excess. This colouring-matter 
was examined by Prout, who gave it the name of melanie acid. It was 
precipitated from the urine by means of acids in black flocks, which were 
found to be nearly insoluble in water and alcohol, but readily soluble in 
caustic and carbonated alkalies, the solutions being of a very dark colour. 

‘* Giorn. di Fisica, Dec. IT. t. vit. (1825). 
t Jahresbericht, 20ter Jahrg., 8. 576. 
{| Medico-Chirurg. Transactions, 1822. 
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The solution in ammonia gave copious brown precipitates, with metallic 
salts. Marcet concludes from the experiments of Prout that this so-called 
acid bears a close analogy to the products derived from uric acid; but 
Berzelius remarks that it strongly resembles the black pulyerulent substance, 
insoluble in alecho!, which is formed by the action of concentrated acids 
on the extractive matters of urme. By heating the urine yieldmg cyano- 
urine, after separation of the latter by filtration, Braconnot obtained a 
black sediment which he called melanourine. I should at ence have assumed 
that this substance was identical with Prout’s melanie acid, if Braconnot 
had not stated that his black pigment was soluble in weak acids and in- 
soluble in alkalies, whilst the behaviour of melanie acid to acids and 
alkalies is exactly the reverse. Considering the facility with which the 
ordinary extractive matters cf urine are decomposed, yielding products in- 
soluble in water of a black or brown colour, it is surprising that urines 
containing these bodies ready formed should not more frequently be met 
with in cases of disease. It is not improbable, however, that the dark- 
brown colour of some urinary caleuli may be owing to one or the other of 
these bodies. 

II. The second class of urinary colouring-matters comprises those which 
are formed from urine by artificial means, and consequently do not exist 
ready formed in the secretion. These may also be classified according to 
colour, those which have hitherto been observed being either blue, red, or 
brown. 

I believe that Heller * was the first to cbtain artificially from urime 
colouring-matters cf a pure blue or red tint. He states, in his first memoir 
on the subject, that in some diseases the urine contains a notable quantity 
of a body of a light yellow colour, and easily soluble in water, which he 
ealls urovanthine. When urine containing this bedy is exposed to oxidi- 
zing agencies, such as nitric acid, or even atmospheric air, it deposits a dark- 
coloured sediment, consisting ef a blue and a red colouring-matter, named 
by him respectively uroglaucine and urorhodine. ‘The former, after being 
purified, appears in small groups of crystals of a dark-blue colour, which 
are insoluble in water, as well as in cold alcohel and ether, but soluble in 
boiling aleohol. Urorhodine, according to Heller, is formed by a lower de- 
gree of oxidation than uroglaucine. It is easily soluble in cold alcohol or 
ether, to which it communicates a splendid crimscn colour, and is always 
amorphous and apparently of a resincus nature. Uyroxanthine, the body 
from which these colouring-matters are derived, and which, according to 
Heller, is itself probably derived from urea, is also contained in small 
quantities in normal urine. Braconnot’s cyanourine is, in Heller’s opinion, 
a mixture of uroglaucine and urorhcdine. In two subsequent memoirs f 
Heller communicated some further details on the preparation of these 
colouring-matters from urine, and on their occurrence in a urinary calculus, 
without, however, adding any new facts to those previously known regard- 

* Heller’s Archiv, 1845, 8. 161. Tt Ibid. 1846, S. 19, 536. 
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ing their chemical or physical properties. The experiments of Alois 
Martin *, the results of which were made known soon after those of Heller, 
led to the same conclusion, viz., that in some diseases the urme on being 
mixed with mineral acids deposits in considerable quantity a dark-coloured 
sediment, consisting of two colouring-matters, one of which is blue, the 
other red. Regarding the former, which he calls urokyanine, Martin 
states that it is Imsoluble in water and caustic alkalies, but soluble in alco- 
hol and ether, that it is dissolved by concentrated sulphuric acid, the solu- 
tion becoming blue on dilution with water, and that when heated it yields 
violet-coloured fumes like those of iodine. Although these observations, 
however incomplete, were no doubt correct, very little importance was 
attached to them by chemists in general, and their accuracy was even 
questioned by some. Berzelius characterizes Heller's statements as un- 
certain and unsatisfactory. Lehmann says, “ Heller's experiments were 
so incomplete that the very existence of such pigments as uroxanthine and 
urorhodine is still doubtful.” Golding Bird was of opinion that Heller had 
described as crystals of uroglaucine uric acid merely tinted by the changed 
colouring-matter, and he adds, ‘This error is an important one, and 
throws much doubt on many of his conclusions.’ When a few very 
simple experiments would have sufficed to prove the accuracy of the obser- 
yations referred to, or to have shown in what respect they were erroneous, 
such criticisms as these can hardly be considered fair; and I think that 
Heller’s claims as the discoverer of the artificial formation from urine of a 
blue and a red colouring-matter of definite character cannot be contested. 
Golding Bird certainly claims to have been the first to observe the forma- 
tion of a red or pink colouring-matter, supposed by him to ke identical 
with that of the so-called pink deposits, by the action ef hydrochloric acid 
on healthy urine; but, without decidmg the question of priority, I will 
merely remark that his experiments must have been of a superficial 
character, or the simultaneous formation of a blue colouring-matter would 
hardly have escaped his notice. On the other hand, when it is considered 
that the blue pigment occasionally deposited from urine had, as mentioned 
above, been proved to be indigo-blue by several of the earlier observers, 
and that at the time when Heller and Martin gave an account of their 
experiments the properties and products of decomposition of this colouring- 
matter were well known, it is surprising that these chemists should not 
have suspected the identity of uroglaucine, urokyanine, and indigo-blue. 
A few comparative experiments would have proved their identity, and have 
thus led to the discovery of one of the most important and interesting 
facts connected with the chemistry of this subject. How far Heller was 
from understanding the true nature of his blue colouring-matter will be 
seen by the following extract from his last memoir. He says, “If a 
pale yellow urine, rich in uroxanthine, either originally alkaline or alkaline 
through standing, be kept in a well-corked flask, the violet-coloured sub- 
* Heller’s Archiv, 1846, 8. 191, 287. 
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stance separates, mostly at the surface, but partly at the bottom. If the 
flask, while still closed, be shaken, scarcely any change of colour takes 
place; but if it be shaken after the stopper has been removed and air ad- 
mitted, the urine becomes, by shaking with the air, more or less green, 

often very beautifully grass-green. On standing it again becomes pale, and 
- these appearances may be repeated at pleasure with urine that has been 
kept for months in a flask. This phenomenon, viz., that a strongly 
alkaline urine containing the mixture of colouring-matters only becomes 
green by contaet with air and not as long as the vessel is closed, is one the 
cause of which I haye not as yet been able to ascertain.” Any one 
acquainted with the properties of indigo-blue would, however, have under- 
stood the matter at once. By the combined action of the alkali and the 
deoxidizing matters contained in the urine, the indigo-blue in Heller’s ex- 
periment was reduced and dissolved, forming a true indigo-vat, and on 
admitting air it was reoxidized and pr peated to be dissolved again when 
the ese was closed. Several years later H. v. Sicherer * ovis from 
a specimen cf morbid urine, by the action of strong acids, a blue deposit, 
the properties of which he found to be those of indigo-blue. 

Heller’s experiments were followed, after an interval of some years, by 
those of Hassall-++, who observed the formation of a blue colouring-matter 
on allowing urine from disease to stand for some time exposed to the air. 
The colouring-matter was mixed with phosphates, mucus, and other im- 
purities ; but after the latter had been, as far as possible, removed, it was 
found to consist of indigo-blue. Hassall inferred from his experiments 
that the occurrence of this substance in the urine is strictly pathological. 
«We should be led,”’ he says, “‘ to look for its occurrence in the urine in 
all those cases of functional derangement of any kind in which any impedi- 
ment exists to decarbonization, as is the case especially in most. diseases of 
the organs of respiration. . . . . It does not appear that, by any treatment 
of the urine with reagents, indigo can be developed in healthy urine at will. 
I have made several attempts with this view, but without obtaining any 
definite result.’ This opinion proved, however, to be erroneous. 

This subject was next taken up by myselft. My experiments on the 
formation of indigo-blue in plants yielding that colouring-matter led to the 
conclusion that these plants contain a peculiar substance, belonging to the 
class of giucosides, which I named indican. As this substance is easily 
soluble in water, alcohol, and ether, and yields, by decomposition with 
acids, indigo-blue and sugar, I thought it probable that the formation of 
en in urine might be due to the presence of a similar body in the 

ecretion. ‘This supposition was found to be correct. Not being able to 
procure specimens of morbid urine such as would be likely to yield the 
colouring-matter, I was compelled to employ healthy urine; but after de- 

* Annalen der Chem. und Pharm., B. xe. 8. 120. 

t Philosophical Transactions, 1854, p. 297. 

t Memoirs of the Literary and Philosophical Society of Manchester, vol. xiv. p. 289. 
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priving the latter of the greatest part of the ordinary extractive matter by 
precipitation with basic acetate of lead, then adding. ammonia to the 
filtered liquid, and acting on the precipitate produced by ammonia with 
sulphuric or hydrochloric acid, I succeeded in almost every instance in ob- 
taining a small quantity of a colouring-matter, which I had no difficulty in 
identifying as indigo-blue. The cases in which this did not occur were so 
few and exceptional that I was led to conclude that indican, or some sub- 
stance closely resembling it, is a normal constituent of healthy urine, and 
that it is only the presence of an excess of this, just as of any other of its 
usual constituents, that can be considered a symptom of disease. The 
biue colouring-matter was generally accompanied by another, which dis- 
solved in alcohol with a fine purple colour, and which I consider to be 
identical with Heller’s urorhodine. As the indican of plants always yields 
by decomposition indigo-red as well as indigo-blue, I think it not impro- 
bable that this red pigment from urine may consist of indigo-red ; but from 
the difficulty experienced in purifying it, and the very minute quantities 
which are obtained, this cannot easily be proved. The urine of the horse 
and the cow yielded the same colouring-matters even in greater abundance 
than human urine. My experiments have been confirmed by Carter * and 
others; and it is now, I believe, generally admitted that they afford a 
means of explaining the formation of the abnormal colouring-matters of 
the urine, and may even throw some light on the processes of decomposi-~ 
tion which the proteine substances undergo in the system. In order to 
prove the complete identity of Heller’s uroglaucine with indigo-blue, 
Kletzinsky + prepared a large quantity of uroglaucine, and ascertained that 
its properties and composition ave those of indigo-blue, and he accordingly 
ascribes to Heller the discovery cf indigo-blue in urine. I believe, how- 
ever, that Heller’s claims on this field of research cannot be allowed to 
extend so far. What I think must be conceded to him is, as I stated 
above, the discovery of a mode of obtaining a blue and a red colouring- 
matter from urine by artificial means. 

The formation of brown colouring-matters by the action of acids on 
urine was first observed by Proust t. Having evaporated fresh urine to a 
syrup, in order to separate the greatest part of its salts, he added concen- 
trated sulphuric acid to it, and then submitted the liquid to distillation. 
The distillate contained a large quantity of acetic acid and a little benzoic 
acid, while the liquid deposited a brown mass of the consistence of pitch, 
which increased in quantity as the distillation proceeded. This mass con- 
sisted chiefly of a resinous body, which he found to be insoluble in water, 
but easily soluble in alcohol and alkaline liquids. In consistence, colour, 
and smell it resembled castoreum, and it had a sharp, bitter taste like that 
of arum-root. Proust believed it to be the substance to which the colour 

* Wdinburgh Medical Journal, August 1859. 

t+ Schmidt’s Jahrbiicher d. Medicin, B. civ. 8. 36. 

{ Annales de Chimie, t. xxxvi. p. 274; and Annales de Chim. et de Phys. t. xiv. p. 262. 


82 Mr. EH. Schunck on the Colouring and [ Recess, 


as well as the peculiar odour and taste of urine are due, and he called it 
the resin of urine. The deposit formed in the boiling liquid contained 
also a black pulverulent body, which he found to be imsoluble in water and 
alcohol, but soluble in alkalies, forming with the latter dark-brown solu- 
tions, from which it was precipitated by acids in thick black flocks. When 
~ dry, it hadashining appearance resembling that of broken asphalt. Proust 
called this the peculiar black substance from urine ; and after some specu- 
lations on its nature and origin, he says that probably at some future time 
the relation, at present quite unknown, in which it stands to other bodies 
will be discovered. On repeating Proust’s experiments, Berzelius obtained 
nearly the same results ; but he was of opinion that these substances are 
not contained as such in the urine, as Proust had supposed, but are formed 
by the action of acids on the extractive matters of urine. In this opinion 
I entirely concur. Scharling’s* owide of omichmyle does not seem to me 
to differ in any of its properties from Proust’s resin; but as Scharling, 
instead of evaporation, employed congelation as a means of concentrating 
the urine, and then extracted his so-called oxide with ether, there seems 
some reason for supposing that his substance may have preexisted in the 
urine. On examining the further details of his process, it will be found, 
however, that he used boiling caustic lve for the purpose of purifying it; 
and it need hardly be observed that no conclusion can be drawn regarding 
the preexistence of any organic compound which has passed through a 
process of purification involving the use of such an energetic agent as 
caustic alkali. In the course of his experiments on the constitution of 
urine, Liebig} also obtained the resinous substance of Proust, and he found 
it to possess In general the properties previously ascribed to it. ‘The 
results of this portion of his investigation were summed up in the follow- 
ing words :—“ From the preceding it follows that human urine contains, as 
organic acids, uric acid and hippuric acid, and another nitrogenous sub- 
stance (most probably the colouring-matter of urine) which, in contact 
with air (it is only in contact with air that, as already observed by Gay- 
Lussac, the putrefaction of urine, accompanied by absorption of oxygen, 
takes place), is decomposed, yielding acetic acid and a resin-like substance.”’ 

In my paper on the occurrence of indigo-blue in urine, I gave a short 
account of some experiments on these brown colouring-matters, and the 
phenomena attending their formation. I there stated that ‘‘ when muriatic 
or sulphuric acid is added to urine, the mixture on being heated becomes 
brown, and begins to deposit dark-brown flocks, which increase in quantity 
when the heating is continued. When these flocks are filtered off, washed, 
and dried, they form a compact dark-brown mass, from which cold alcohol 
extracts a resinous matter, leaving undissolved a brown powder, which dis- 
solves, however, in a boiling mixture of alcohol and ammonia.’ These 
facts were previously known from the researches of Proust. I succeeded, 


* Annalen der Chem. und Pharm., B. xlii. 8. 265. 
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however, in discovering two new facts, to which I attach some importance. 
The first is, that the composition of the brown pulverulent substance, 
which is little soluble in alcohol, stands in a definite relation to that of 
_indigo-blue; the second, that the urine, after depositing these flocks and 
being made alkaline, has acquired the property of reducing oxide of copper, 
from which it may be inferred that it contains glucose in solution. As the 
analytical details which led to the discovery of the first fact have not 
hitherto been published, I think this a fitting occasion for making them 
known. 

The brown pulverulent substance was prepared in the following manner: 
—Urine was mixed with hydrochloric acid and allowed to stand. The 
uric acid which was deposited was separated by filtration, and the liquid 
was boiled for some time. The black powder which separated during the 
boiling was filtered off, washed with water, dried, and treated with cold 
alcohol, which extracted the easily soluble resinous portion, thereby 
acquiring a brown colour. The portion left undissolved by the cold alcohol 
was dissolved in boiling alcohol to which a little ammonia was added. The 
brown solution was filtered and mixed with an excess of hydrochloric acid, 
which produced a brown precipitate, the supernatant liquid remaining 
coloured. ‘This precipitate was collected on a filter, washed with cold 
aleoho! until the acid and sal-ammoniac were removed, and dried. It had 
then the appearance cf a dull, black, amorphous mass, which yielded a 
brownish-black powder, strongly resembling some of the products of de- 
composition of indican. When heated in a crucible it gave off a smell like 
that of burning horn, and then burned without previously fusing, giving 
much charcoal, which disappeared without leaving any ash. I need not 
describe its other properties, as they are in no way characteristic or inter- 
esting. Its composition, which is a matter of more importance, was deter- 
mined by several analyses, the resuits of which are as follows :— 

I. 0°4305 grm., dried at 100°C. and burnt with oxide of copper and 
oxygen, gave 0°9720 grm. carbonic acid and 0°1985 grm. water. 

G°5815 grm., heated with soda-lime, gave 0:4190 grm. platinum. 

Ii. 0°3850 grm., prepared on another occasion, gave 0°8760 grm. car- 
bonic acid and 0°1755 grm. water. 

Q°5315 grm. gave 0°3685 grm. platinum. 

These numbers lead to the formula C,, H, NO,, which requires— 
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Now the formula C,, H, NO, is also that of anthranilic acid, the acid 
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formed by the action of alkalies and oxgyen on indigo-blue; and though 
there is not the least resemblance between the two bodies, still the identity 
in composition seems to indicate the possibility of a common origin. Is it 
not possible, it may be asked, that the substance in urine which produces 
_indigo-blue may be in part converted, by a process of oxidation, into some 
other substance which yields, instead of indigo-blue, a body having the 
composition of anthranilic acid, 2. e. of a substance which is formed by the 
oxidation of indigo-blue? To me it seems very probable that this may be 
the case. I am, however, far from attaching great importance to the com- 
position of this substance as just given, for on a subsequent occasion I 
obtained a product having exactly the same appearance as before, but a 
different composition. On this occasion the method of preparation was 
somewhat different. The urine was first mixed with acetate of lead as 
long as a precipitate was preduced. To the filtered liquid there was added 
basic acetate of lead, which gave rise to a second precipitate. This was 
filtered off, washed with water, and treated with an excess of dilute sul- 
phuric acid, and the filtered liquid, instead of being boiled, was poured 
into a shallow vessel and left to stand until, by spontaneous evaporation, it 
had become tolerably concentrated. On now adding cold water, a brown 
powder was left undissolved, which was filtered off, washed with boiling 
water, and then treated with boiling alechol as long as anything was dis- 
solved. The liquid, after being filtered boiling hot, was evaporated, and 
the residue was treated with a little cold aleohol, which left a brown 
powder undissolved. This was pressed between folds of blotting-paper 
and dried, after which it presented the same appearance as the first speci- 
men. Its analysis led to the following results :— 

0°3730 grm. gave 0°8295 grm. carbonic acid and 0°1785 grm. water. 

0°5750 grm. gave 0°2055 grm. platinum. 

The formula C,, H,, NO,,, with which these numbers correspond, re- 
quires— 
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Now the two formule, though not identical, stand in a certain relation 
to one another. If to the first there be added the formule of benzoic acid 
and of water, the sum will represent the second formula, for 

C,; H,; NO,,=C,, H, NO,+C,, H,0,4+2HO. 

Benzoic acid is a product of decomposition of hippuric acid and other 
animal substances, and it need therefore cause no surprise to find its ele- 
ments among organic groups occurring in animal secretions, though of 
course its actual presence in this case is doubtful. 
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These experiments render it probable that the ordinary browa colouring- 
matters formed by the action of acids on urine are in fact derivatives of in- 
digo-blue, however little their properties may resemble those of the latter. 
In some experiments, an account of which I presented a short time ago to 
the Manchester Literary and Philosophical Society *, I obtained by the 
direct action of alcohol, acetate of soda, and caustic soda on indigo-blue a 
number of products, several of which bear a striking resemblance to 
uromelanine, as the brown pulverulent substance obtained by the action of 
acids on urine has been called, and which differ in their properties from 
indigo-blue quite as widely as that substance does. But into this part of 
the subject I cannot enter further at present. 

The liquid filtered from the insoluble matter formed by the action of 
acids on urine I found to possess the property, after beg made alkaline, of 
dissolving oxide of copper and converting it into suboxide on being boiled. 
This reaction, which had never been previously observed, I attributed to 
the presence of glucose, which, together with the brown colouring-matters, 
had been formed at the expense of the extractive matters. The correctness 
of this inference has been doubted, since the same reaction may be pro- 
duced by other substances as well as glucose ; but whether it be correct or 
not, the fact remains, that normal urine free from sugar acquires the pro- 
perty of reducing oxide of copper as soon as it has been boiled with the ad- 
dition of a strong acid. The general conclusion to which I was led by 
these few experiments was, that there not only exists a great resemblance 
between indican and the extractive matters of urine, as proved by the simi- 
larity of their products of decomposition, but that they are also very pro- 
bably in some way closely related as regards their composition and general 
properties. In giving an account of my views on this subject I used these 
words :—‘‘J think it is probable that the indigo-producing body will be 
found, as regards its formation and composition, to occupy a place between 
the substance of the tissues and the ordinary extractive matter of urine.”’ 
Though this may have appeared at the time when it was pronounced a 
hasty conclusion, further research has only tended to confirm it. 

Ill. The colouring-matters occurring in normal urine, and to which the 
usual colour of the secretion is due, have been less frequently submitted to 
investigation than those which make their appearance only exceptionally, 
or in consequence of some artificial process of decomposition. ‘This cir- 
cumstance may easily be accounted for. These substances are all amor- 
phous and possess few characteristic properties ; hence their separation 
from the other constituents of urine is attended with great difficulties, and 
has even been pronounced impossible. They are also compounds of very 
little stability, as every one who has worked with them must have observed, 
so much so that mere evaporation of the urine seems to produce a complete 
change in their composition, as seen by the marked alteration of colour 
which takes place during the process. Then it has been observed that 

* Memoirs of the Society, 3rd series, vol, iii. p. 66. 
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normal urine exhibits great diversity of tint without any corresponding dif- 
ference in its other properties, and hence it has been inferred that these 
differences are of little physiological or pathological importance, and that 
an investigation of their cause would not be likely to lead to any useful 
practical results. Our knowledge of the properties and composition of 
‘these substances is therefore extremely defective, and the most discordant 
views prevail as to their true nature. 

Foureroy and Vauquelin * were of opinion that the smell, colour, taste, 
and great lability to decomposition of urine, in fact all its characteristic 
properties, were due to one constituent only, viz. urea. Itis evident, how- 
ever, that their urea must have been impure, since they obtained fromit by 
the action of caustic potash a brown fatty matter and acetic acid, products 
which could only have been derived from the extractive matter and other 
impurities with which it was contaminated. It was afterwards shown by 
Berzelius that urea is colourless, and possesses no remarkable smell nor 
taste. Proust, as mentioned above, attributed the colour, as well as the 
bitter taste and peculiar smell of urine, to his fallow resin. Prout 
thought that the colouring-matter of healthy urine was of two kinds, one of 
them being capable of combining with urate of ammonia and imparting to 
it the usual tint of uric acid calculi, the other destitute of this property. To 
Berzelius +, the great observer who has enriched almost every department 
of chemical science with his resenrches, we owe the first, it may almost be 
said the only, investigation of the extractive matters of urine, the sub- 
stances to which, as he correctly supposed, the ordinary colour of the se- 
cretion is due. This investigation, though now almost forgotten, may still 
be consulted with advantage, as it contains information not to be found 
elsewhere. In its main results I have found it remarkably correct, and I 
shall have occasion to refer to it again. Though Berzelius did not succeed 
in obtaining his substances in a state of complete purity and free from other 
constituents of urine, such as urea and chlorides, he nevertheless ascertained 
the existence of several distinct urinary extractive matters, which were dis- 
tinguished. from one another by their behaviour towards various solvents. 
One of these he found to be soluble in absolute aicchol, the second was only 
soluble in alcohol of sp. gr. 0°833, while the third was insoluble in alcohol 
of all strengths, and only soluble in water. He seems also to have obtained 
a minute quantity of an extractive matter soluble in ether, the others being 
insoluble in that menstruum. The extractive matter soluble in absolute 
alcohol he proposed to name Aalophzle, in consequence of its power of com= 
bining with various neutral salts, According to Berzelius, these substances 
bear a great resemblance to the extractive matters of flesh. Duvernoy 
made some experiments on these extractive matters, and he seems to have 
been the first to observe the remarkable deepening and change of colour 
which is seen on adding strong acids to their watery solutions. One of the 
methods employed by him for separating the colouring or extractive matter 

* Annales de.Chimie, t. xxxi. p. 68. __ t Lehrbuch der Chemie, B. ix. 
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from the other constituents is worth mentioning. He added an excess of 
acid to urine, and the uric acid which separated on standing he treated with 
boiling alcohol, which left the acid undissolved, and, after filtration and 
evaporation, gave a residue consisting of a reddish-brown extractive matter, 
which had a bitter aromatic taste, and, when warmed, exhaled a urinous 
odour. The colour of its watery solution was exactly like that of urine. 

In his elaborate memoir on urine, Lehmann * makes some remarks on 
the properties of the extractive matter of urine and the best method of pre- 
paring it. For the purpose of obtaining it ina state of purity, he submitted 
urine to congelation, and evaporated the concentrated liquid in vacuo, em- 
ploying afterwards alcohol and ether for the purpose of extracting it from 
the residue. No part of the process described by him would induce any 
extensive decomposition of the substance under examination. On the other 
hand, it is very doubtful whether it was quite free from impurities, since he 
attributes to the coloured extractive matter (farbender Extractivstof’) of 
urine the property of inducing decomposition in urea, and consequently in 
urine also—a property which it certainly does not possess when pure, how- 
ever liable it may itself be to decomposition. The putrefaction of urine, 
which manifests itself by the conversion of the urea into carbonate of am- 
monia, must be caused by some other body. The extractive matter does 
not act as a ferment, which may indeed be inferred from the very small 
quantity of nitrogen contained in it. The disagreeable odour which the 
watery solution of Lehmann’s substance began to exhale when exposed to 
the air also points to some impurity. Its acid reaction he attributes to an 
admixture of lactic acid, which was generally supposed to be contained in 
urine, until its entire absence was proved by the experiments of Liebig. 
Lehmann’s observations regarding its other properties, as, for instance, the 
changes of colour produced in its watery solution by various reagents, are, 
however, remarkably correct. 

Lehmann, as well as Berzelius, found the substance to whieh healthy 
urine owes its colour to be completely soluble in water. Subsequently, 
however, most of the attempts which were made to isolate the colouring- 
matter of urine ended in the separation of substances quite insoluble m 
water. ‘These must in all cases have been products of decomposition ; for 
I consider it quite certain that all colouring-matters derived from urine 
which are insoluble in water are not contained as such in the secretion, pro- 
vided the latter is in its normally acid state. In the experiments of 
Scherer + and Harley {, various products of decomposition of this kind 
seem to have been obtained. Scherer, not being satisfied with the methods 
of preparing and separating the extractive matters given by Berzelius, 
adopted one of his own, which yielded a brown humus-like substance, in- 
soluble in water, but soluble in aleohol and alkalies. Scherer calls this 


* Journal fur praktische Chemie, B. xxv. 8. 1. 
t Annalen der Chemie und Pharmacie, B. ly. §. 180. 
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substance the colouring-matter of urine, though it must be evident to any — 
one reading his account that it was a product formed by the action of hy- 
drochloric acid on the extractive matter, and essentially the same as that 
previously obtained by Proust. Scherer submitted his substance to ana- 
lysis, and found its composition to vary exceedingly. Hence it may be in- 
' ferred that it consisted of a mixture of two or more substances. In my ex- 
periments on the brown colouring-matters formed by the action of acids, I 
obtained, as mentioned above, bodies having the same external appearance 
and general properties, but varying in composition. The latter corresponded 
on one occasion with the formula C,, HW, NO,; on another occasion the ana- 
lysis led to the formula C,, H,, NO,,.. Now, on calculating the composition 
of a mixture of equal parts of the two bodies having respectively these 
formule, it will be found to agree tolerably well with the mean of the two 
first analyses given by Scherer, as will be seen on comparing his numbers 
with the calculated composition according to the formula 


C,, H,, N,O,,=C,, H, NO,+C,, H,; NO,,. 


Calculation. Scherer. 

0) as Oba Rn Dea eg ce ca 60°87 Oy Pies) 7! 
DTA ae Meck ait ag roi 6:10 
ING epee aah i ae se 6°76 7°03 
Osh tates 27°06 25°50 
100°00 100°00 


It does not appear that Scherer took the precaution of treating his pro- 
duct with alcohol, in order to separate the easily soluble resinous matter 
which is always formed together with the pulverulent body when the ex- 
tractive matters are decomposed by acids. Unless this precaution is taken, 
the product is sure to contain more than one substance, and its analysis 
must give very discordant results. On one occasion Scherer obtained by 
the direct action of hydrochloric acid on urine a dark-blue powder, which 
when dry assumed a coppery lustre like indigo, and must, indeed, have been 
indigo-blue itself. The formation of a blue colouring-matter by the action 
of acids on some constituent of urine had been observed by Heller only a 
short time previously. Neither of these chemists, however, was aware of 
its true character, which was not discovered until long afterwards. 

Harley * succeeded in separating Scherer’s colouring-matter into several 
substances, to only one of which, in his opinion, the colour of ordinary 
urine is to be attributed. This, according to his description, is a resinous, 
amorphous body of a fine red or brownish-red colour, insoluble in water, 
but easily soluble in alcohol, ether, and caustic alkalies, to which he gave 
the name of wrohematine. On being incinerated it leaves a little oxide of 
iron, and hence Harley infers that it is allied to the hematine of blood, of 
which it is perhaps only a modification. By a process similar to that em- 
ployed by Harley, Marcet + obtained from urine a resinous rose-coloured 


* Journal fiir praktische Chemie, B. lxiv. 8. 264. 
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substance, having an acid reaction, insoluble in water, but soluble in alcohol, 
and which he supposed must exist in the secretion in a free state. I have 
no doubt, however, that this and all similar bodies are products of decom- 
position derived from the extractive matters or the indigo-producing sub- 
stance of the urine. They do not preexist in the secretion, but are formed 
during the process of preparation by the action of the reagents employed. 
Eyen a prolonged heating at 100° C. is quite sufficient, as I shall hereafter 
show, to produce a complete decomposition of the extractive matters, and 
their conversion into products of an entirely different nature, consisting in 
great part of brown resinous substances insoluble in water. 

The investigations touching this subject which remain to be noticed are 
few in number. Notwithstanding its importance from a physiological point 
of view, the difficulties connected with it, and the uncertainty of the con- 
clusions to which most previous researches had led, probably deterred many 
from entering on its investigation. Tichborne’s * account of the normal 
urinary pigment differs from those of some of his predecessors. According 
to him the colouring-matter of normal urine is a brown, amorphous sub- 
stance, which is very hygroscopic, easily soluble in water, less soluble in 
alcohol, and insoluble in ether. The colour of its watery solution cannot 
be distinguished from that of ordinary urine, and by making it more or 
less dilute, the several tints of normal urine may be imitated. Tichborne 
has given the results of its analysis, which is probably the first ever made 
of any urinary extractive matter, that is, of the substance as it exists in 
urine to which the usual colour of the secretion is due. His results, how- 
ever, differ very widely from those arrived at by myself, and lead to a com- 
position more nearly approaching that of the brown colouring-matters 
insoluble in water so often obtained in previous experiments. The hypo- 
thesis which he has ventured to set up, viz. that this substance is derived 
in some way from hippuric acid, is, I think, totally without foundation. 
Indeed there are more reasons in favour of the converse hypothesis, viz. 
that the urinary extractive matters are the source, or at least one source, of 
hippuric acid. The existence in urine of more than one kind of extractive 
matter seems to have escaped the notice of this observer. 

By far the most complete investigation of the colouriny-matters of normal 
urine is that of Dr. Thudichum +. The results of this investigation having 
quite recently been made known, I need not enter at present into any of 
the details. In giving an account of my own experiments, I shall have oc- 
casion to show that my results differ in many respects from those of Dr. 
Thudichum. I cannot, however, even now refrain from expressing my sur- 
prise that, notwithstanding the numerous observations and experiments of 
chemists on the blue and red colouring-matters front urine, he should have 
arrived at the conclusion that ‘‘ from healthy human urine neither indican 
nor uroxanthine, nor any other substance yielding, by decomposition with 

* Chemical News, vol. v. p. 171. 
t+ British Medical Journal, Noyember 5, 1864. 
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acids, indigo-red and indigo-blue, can be extracted,’ and that “it yields 
neither indigo-red nor indigo-blue by boiling with acids.”? This result, 
however, may easily be accounted for by any one conversant with the . 
subject who attentively considers the details of his process. The indigo- 
producing body of urine, if it be not identical with indican, is certainly quite 
as susceptible of change as the latter; and the small quantity existing in 
the secretion may easily disappear under the influence of heat, alkalies, or 
ermentation, and become so changed as no longer to yield indigo-blue or 
indigo-red with acids. The nature of this change I have explained in my 
papers on the formation of indigo-blue. Now, Dr. Thudichum’s process 
commences by adding to urine an excess of caustic baryta or lime. At 
subsequent stages he boils and evaporates his liquids with the assistance of 
heat. After operations such as he describes it is impossible that any trace 
of indican, or any body resembling it, can remain undecomposed. Unless 
certain precautions are adopted in conducting delicate experiments, only 
egative results can be expected. 

The alkaptone of Beedeker*, and the colloid acid from urine lately 
described by Marcet 7, probably stand in some relation to the ordinary ex- 
tractive matters of urine, which they strongly resemble in most of their 
chemical and physical properties. The nature of the methods employed 
for the preparation of these bodies renders it, however, extremely doubtful 
whether they preexisted in the secretion, since in both cases solutions 
containing, together with the organic substances, strong mineral acids, were 
heated and even evaporated—a proceeding which must have led to the de- 
composition of the extractive matters, and the formation of bodies not pre- 
viously existing. 

The preceding account, in which I have endeavoured to present a sum- 
mary of the results obtained in previous researches, will serve to give an 
idea of the present state of our knowledge on this subject ; and I will now 
proceed to give an account of my own experiments. Before doing so, I may 
state that I shall apply the term ‘ cclouring-matter”’ to those bodies only 
which occur naturally in urine, or are formed by processes of decomposition, 
and which are insoluble, or not easily soluble, in water. ‘The substances 
easily soluble in water, to which the colour of normal urine is due, I shall 
continue to call “ extractive matters,” until I shall have shown that they 
are bodies the properties and composition of which are sufficiently definite 
and unvarying to justify me in bestowing on them peculiar names. 


The extractive matters being, as I believe, the source from which most 
of the colouring-matters of urine are derived, I resolved to commence the 
investigation by a careful examination of their properties and composition. 
The first step, indeed, which I thought it necessary to take before proceed- 
ing further at all was to ascertain whether these extractive matters are 


* Annalen der Chemie und Pharmacie, B. exvii. 8. 98, 
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bodies of a definite character, or whether they are merely accidental mix- 
tures of various excrementitious substances thrown out by the system, and 
differing in their nature according to circumstances. In the former case a 
further exploration of this field would be justified by the probability of 
arriving at definite results. In the latter case, however, the investigation 
would certainly have to be abandoned at once, from the want of a secure 
basis on which to found further research. 

In order to arrive at a positive conclusion on this point, the readiest 
means was, as it seemed to me, to ascertain the exact composition of the 
extractive matters obtained at different times from various sources; for, 
being neutral uncrystallizable bodies, it was evident that a mere examination 
of their chemical and physical properties would lead to no certain result. 
This portion of the investigation has occupied me for some time, commen- 
cing in the year 1856, and will form the subject of the present communica- 
tion. The successive series of experiments which were made will be 
distinguished by letters with the respective dates attached. 

A (1856). 

Tn this, as well as in the subsequent series of experiments, I made use of 
neutral and basic acetate of lead for the purpose of separating the extractive 
matters from the other constituents of urine, the same means having pre- 
viously been employed with this view by Scherer. Having taken a quantity 
of ordinary urine, I added to it a solution of acetate of lead, which produced 
a copious precipitate, consisting of sulphate, phosphate, chloride, and urate 
of lead, together with lead compounds of extractive matter. This precipi- 
tate was filtered off and thrown away. In the filtered liquid, which was 
lighter in colour than the original urine, basic acetate of lead produced a 
second precipitate as abundant as the first, and consisting principally of 
lead compounds of the extractive matters mixed with basic chloride of lead. 
This precipitate, after being well washed with water, was treated with an 
excess of cold dilute sulphuric acid, with which it was allowed to remain in 
contact for some time. The extractive matter set at- liberty by the acid 
communicated to the liquid a brown colour, a peculiar urimous odour being 
at the same time evolved. The excess of acid was removed by adding car- 
bonate of lead, and stirrmg the mixture well in a, mortar. After all 
effervescence had ceased, the liquid, which was now of a fine yellow colour 
like urine itself, was filtered and evaporated; but in order to avoid any 
decomposition which might have been caused by the application of artificial 
heat, the evaporation was conducted at the ordinary temperature by means 
of a current of air in the apparatus formerly employed in the preparation 
of indican*. After evaporation there was left a thick brown syrup, which 
was poured into a flask and treated with cold alcohol, with which, after 
being well shaken, it was left to stand for some time. The alcohol left a 
portion of this syrup undissolved as a brown glutimous mass (a). The 
liquid, which had a deep yellow colour, was poured off, and there was added 
to it an alcoholic solution of acetate of lead, which produced a cream- 

* See Memoirs of the Manchester Literary and Philosophical Society, vol. xiv. p. 183. 
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coloured precipitate. Having, as I supposed, added sufficient acetate of 
lead to precipitate about one half of the matter in solution, I filtered the 
liquid from the precipitate (6), and then added more of the lead solution, 
which produced a precipitate of a pure cream-colour (c). This was filtered 
off, washed with alcohol, dried iz vacuo, and submitted to analysis. It 
contained, like many of the lead compounds subsequently analyzed, chloride 
of lead, which had to be estimated. By attempting to remove all the 
hydrochloric acid from the solution of extractive matter before precipitation, 
I ran the risk of producing decomposition in the organic substance. 

I. 1:0895 grm. of this compound, burnt with oxide of copper and oxygen, 
gave 0°7765 grm. carbonic acid and 0°2175 grm. water. 

1/1580 grm., burnt with soda-lime, gave 0°1355 grm. chloride of platinum 
and ammonium. 

0°7780 grm. gave 0°6240 germ. sulphate of lead. 

0:9190 grm. dissolved in nitric acid gave with nitrate of silver 0'0795 grm. 
chloride of silver, equivalent to 0°0772 grm. chloride of lead. 

These numbers lead to the following composition :— 


CRA RARE AAS SR CA OR ae 19°43 
SUP SPACERS Lae 2°21 
INA ED SAGES ee 0°73 
OS AS Aes Ae 18°97 
PHO Ree NI LO 52°26 
PHELPS LA eee 8°40 

100°00 


After deducting the oxide and chloride of lead, and calculating the 
composition in 100 parts of the organic substance combined with them, 
this composition will be found to correspond with the formula C,, H,, NO,,; 
which requires 


Calculation. Hxperiment. 
ple SILOS 
Ceicn pigs, 3/2 49-93 49°39 
Tees casas tadas 39 9°23 5'61 
INscaeoen geetenies 14 LS7 1°85 
O 320 42°97 43°15 


745 100°00 100-00 


No importance is to be attached to this formula, which is merely an em- 
pirical expression for the composition of the substance, or mixture of sub- 
stances, prepared in the manner described. As a guide to further experi- 
ments, the analysis was, however, not without use. The very small 
proportion of nitrogen obtamed showed that the substance was probably 
free from the urinary constituents containing much of that element, and 
that the lead compound contained extractive matter only ; but whether the 
latter consisted of only one substance or of several was doubtful, as the 
method of preparation afforded no gnarantee for its purity. 

The lead precipitate (6), which, it was to be presumed, had the same 
composition as the one analyzed, was now examined. It was suspended in 
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water and decomposed with sulphuretted hydrogen, and the filtered liquid 
was evaporated by means of a current of air in the apparatus above referred 
to. Durmg evaporation some white crystals were deposited, consisting 
probably of a product of decomposition formed by the action of the free 
hydrochloric acid on the extractive matter. These were filtered off, and 
the liquor was evaporated as before to a syrup, which was treated with cold 
alcohol. The alcoholic solution, after being filtered from some white 
erystals which were left undissolved, was evaporated to a syrup, which, after 
being mixed with a little alcohol for the sake of dilution, was poured into 
a flask and agitated with successive doses of ether as long as anything was 
taken up by the latter. The residue left undissolved by the ether (d), after 
the ethereal liquid (e) had been poured off, was treated with cold alcohol, 
which dissolved the whole with the exception of some white crystals *. 
The filtered liquid was mixed with acetic acid and then with acetate-of-lead 
solution, and the brown precipitate caused by the latter having been filtered 
off, there was added to it a small quantity of ammonia, which produced a 
eream-coloured precipitate. ‘This precipitate was filtered off, washed with 
alcohol, dried iz vacuo, and employed for the following analysis :— 

II. 1°3735 grm. gave 0°7420 grm. carbonic acid and 0°2345 grm. water. 

1:5800 grm. gave 0°1395 grm. chloride of platinum and ammonium. 

0:7210 grm. gave 0°6570 grm. sulphate of lead. 

1-8070 grm. gave 0:0755 grm. chloride of silver, equivalent to 00733 grm. 
chloride of lead. 

These numbers lead to the following composition :— 


Ce SEI A BL OO 14°73 
Ee eta HEE Ee ey Ea de 1°89 
UN ede sh lerene nhc ed FN 0°55 
CO ete a EPL Sea rae Ee OE 14°99 
DOP terres ere es bee eas 63°78 
eres © ante arin Rete sta on 4:06 

10000 


* These crystals consisted probably of the same substance as those deposited during 
the evaporation of the watery solution filtered from the sulphide of lead. They con- 
tained, besides organic matter, a quantity of sulphates of earthy bases. The latter were 
removed by dissolving the whole in water and adding an excess of caustic baryta. 
After passing carbonic acid through the filtered liquid, evaporating to dryness, treating 
the residue with boiling water, filtering, and again evaporating to dryness, a white crys- 
talline mass was obtained, which was free from a!l inorganicimpurities. A few of the 
properties of this substance may be mentioned, though they are not sufficient to identify 
it. When heated on platinum-foil it melted and then burned, leaving much charcoal, 
which, however, disappeared entirely on being further heated. On being heated in a 
tube, it gave a little crystalline sublimate. It dissolved with difficulty in boiling alcohol, 
and the solution, on cooling, deposited some transparent, prismatic crystals. The 
watery solution remained unchanged on the addition of acetate of lead, but on adding 
ammonia there was an abundant white precipitate. On mixing the watery solution with 
a salt of copper and an excess of caustic soda it turned blue, but remained unchanged on 
being boiled. 
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The simplest formula with which the composition of the substance, com- 
bined with the oxide and chloride of lead, agrees is C,, H,, NO,,, which re- 
quires 


Calculation. Experiment. 
Ree we Eee 
Oe nee 372 46:03 45°80 
i a Dc ee A6 5°69 - 5°87 
ON ca oa ta 1°73 are! 
os Fa abeeiebate 376 A6°55 46°62 


808 100°00 ~ 100:00 


This analysis, though, like the first, of little value in itself, seems to 
point to the conclusion that the extractive matter has a tendency to undergo 
a change, which consists in the absorption of water, and which is probably 
promoted by the action of strong acids. There is, however, another way 
of explaining its results, which will be given when I come to review the 
whole of the analytical data. 

A portion of the alcoholic solution from which this lead compound was 
precipitated was evaporated, when it left a brown syrup, some of the pro- 
perties of which are not without interest. When heated in a crucible it 
began to boil, evolved acid fumes, consisting partly of hydrochloric acid, 
and left after combustion much charcoal, which burnt away, leaving a little 
white ash. The watery solution was strongly acid. After being mixed 
with a solution of oxide of copper and an excess of caustic alkali it beeame 
green, and, on being boiled, the liquid deposited suboxide of copper; but 
this reaction was probably due to an admixture of some impurity or of some 
product of decomposition. On adding to the alcoholic solution an aleoholie 
solution of acetate of lead, a cream-ccloured precipitate fell, which, after 
being filtered off and washed with alcohol, was treated with dilute sulphuric 
acid. The filtered liquid, after bemg made alkaline, did not reduce oxide 
of copper; but, on the other hand, the liquid filtered from the cream- 
coloured precipitate gave with ammonia a white precipitate, which, on being 
treated in the same way as the other, was found to contain, in combination 
with oxide of lead, a substance which, in conjunction with caustic alkali, 
readily reduced the oxide. The lead compound, the analysis of which has 
‘ust been given, may indeed, as I shall show further on, have consisted of 
a mixture of equal parts of two lead compounds, viz. of the compound of 
an extractive matter and of that of another body having the composition 
of glucose. The watery solution of the syrup, on being mixed with hydro- 
chloric acid and boiled, became brown, and deposited dark brown flocks. 
The filtered liquid left on evaporation a residue, which, on being treated 
with water, dissolved only in part, an additional quantity of brown flocks 
being left undissolved. These flocks were very little soluble in boiling al- 
cohol, but they dissolved readily in a mixture of alcohol and ammonia. 
The liquid filtered from the flocks left on evaporation a yellow syrup mixed 
with a quantity of needle-shaped crystals arranged in star-shaped masses. 
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On being dried, the syrup became hard, but deliquesced again on exposure 
to the air. 

The ethereal liquid (¢) containing in solution that portion of the extractive 
matter of the lead precipitate (6) soluble in ether, was agitated with carbonate 
of lead, by which means the hydrochloric acid contained in it was entirely 
removed. ‘To the filtered liguid there was added an alcoholic solution of 
acetate of lead, which produced a cream-coloured precipitate. This was 
filtered off, washed with cold alcohol, dried zz vacuo, and analyzed, the re- 
sults obtained being as follows :— 

ILI. 1:3455 grm. gave 1:0425 grm. carbonic acid and 0°2730 grm. water. 

1-5580 erm. gave 0°1385 grm. chloride of platinum and ammonium. 

0°7565 grm. gave 0°6025 grm. sulphate of lead. 

The compound contained therefore, in 100 parts, 


WU ter, Re ercte turn) ooucaes oe aeerecec ere tes 21°13 
AGM ee tec cee rover ey oro) seohes' a wple Ge a areeet ote 2°25 
INS ee eRe anee ee San aae poste ioe le ete teak 0°55 
ROR Meaty at SPOR ten erone crate ate oct eee! 17°47 
1) UA oe gear ae Ne at Cio ara ae ae 58°60 

100-00 


The composition of the substance, combined in this case with oxide of 
lead, agrees tolerably well with the formula C,, H,, NO,,, which requires 


Calculation. Hixperiment. 
i Gut, es 
ob tee 516 d1°79 51°04 
BN Leth ol oi 0°43 
ENE ea8)4 14 1°40 1°34 
O 416 41°74 42°19 


997 100-00 100-00 


In the case of a compound like this, having such a high atomic weight, 
several formule may of course be calculated, each of which may give a 
theoretical composition agreeing as well as the above with that found by 
experiment. My reasons for adopting the one just given will be stated 
further on. 

A portion of the liquid from which this compound was precipitated 
with acetate of lead was evaporated, when it left a browa syrup closely 
resembling that obtained from the liquid from which the lead compound 
of the second analysis was precipitated. When heated in a crucible it 
gave off copious fumes, and left off much charcoal, which, however, burnt 
away, leaving only a trace of ash. Its watery solution had a strongly acid 
reaction, though it was quite free from hydrochloric acid. When treated 
with boiling caustic soda lye it evolved ammonia. The watery solution, 
on the addition of a salt of copper and an excess of caustic alkali, became 
green, and the filtered liquid, on being boiled, deposited an abundance of 
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suboxide of copper. This reaction was, however, due to some substance 
accompanying the extractive matter. On adding to the alcoholic solution 
of the syrup an alcoholic solution of acetate of lead, a cream-coloured pre- 
cipitate was produced which contained none of this substance; but on 
adding ammonia to the filtered liquid, a white precipitate fell in which it 
- was contained in combination with oxide of lead. The lead compound 
analyzed was therefore free from this impurity, and probably contained 
merely the urinary extractive matter soluble in aleohol and ether. The 
watery solution of the syrup, on being mixed with hydrochloric acid and 
boiled, became darker in colour, and then deposited dark brown resin-lke 
masses, which remained in a state of fusion as long as the liquid was kept 
boiling. The filtered liquid left on evaporation a syrupy residue, which 
_ was only partly soluble in water, a quantity of the resin-like substance 
being left undissolved. The solution, after being again filtered and evapo- 
rated, left a brown syrup filled with crystalline needles. Cold alechol 
dissolved the greatest part of this residue, leaving only the crystalline 
needles undissolved. ‘The resinous substance, after being well washed 
with water, was treated with cold alcohol, in which it was entirely soluble, 
forming a brown solution which, on evaporation, left a brown, shining, 
brittle residue. The extractive matter contained in this compound differs 
therefore from that of the lead compound previously analyzed, not only by 
its solubility in ether, but also by its yielding with acids products of de- 
composition of a different kind. 

The alcoholic liquid filtered from the lead precipitate (J) was mixed 
with more acetate of lead and some ammonia, with which it gave a bulky 
cream-coloured precipitate. This was filtered off, washed with water, 
then suspended in water, and decomposed with sulphuretted hydrogen. 
The filtered liquid was evaporated, as before described, by means of a 
current of air, and the yellow syrup left on evaporation was poured into a 
flask and agitated with alcohol, which dissolved the whole of it with the 
exception of a slight residue, consisting of a glutinous substance mixed 
with some white crystals. The filtered liquid was evaporated, and the 
residue left was agitated with ether. The ether having been poured off, 
the insoluble portion was treated with cold alcohol, which dissolved almost 
the whole of it. The solution was mixed with a little aleoholie solution 
of acetate of lead, and the precipitate thereby produced having been 
fiitered off, more acetate of lead was added, which gave a precipitate of a 
pure cream-colour, This was filtered off, washed with alcohol, dried im ~ 
vacuo, and analyzed, the following results being obtained :— 

TV. 1:0155 grm. gave 0°6730 grm. carbonic acid and 0°2055 grm. 
water. 

1°1440 grm. gave 0°1425 grm. chloride of platinum and ammonium. 

0°4165 grm. gave 0°3180 grm. sulphate of lead. 

0°8905 grm. gave 0:0290 grm, chloride of silver, equivalent to 0°0282 
chloride of lead. 
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In 100 parts it contained therefore 


Ce ee IS Ge he ee 18°07 
ee iciy OSs Scns 2°24 
INES errs. oe ee arch aah ates eae o's 3 0:78 
O Tat sferere 22°12 
PHO: | sige tees Se cecosome ee os 20°00 
EDO La se rreernate ae oe Ar REE 3°16 

100-00 


Though the substance combined in this case with the oxide and chloride 
of lead was without doubt a mixture, still I think it may be of use to 
devise some formula which shall express its composition, and thus lead to 
some plausible conjecture as to its constituents. The relatively large 
quantity of oxygen contained in it makes this rather difficult; but, as I © 
shall presently show, one of the urinary extractive matters is richer in 
oxygen than the others, and by assuming that the substance in this case 
was a mixture of equal parts of this extractive matter and glucose, I arrive at 
the formula C,, H,, NO,,, which requires 


449 
Calculation. Eixperiment. 

We ane capa 
a 300 42°59 41°81 
Lo pee 39 2°53 2°18 
Nee Sore 14 1°98 1°80 
Oe ern hi 302 49°94 51°21 
709 100°00 100:°00 


The liquid filtered from this lead compound did in fact contain a sub- 
stance having the composition of glucose. On adding to it an excess of 
ammonia, a bulky precipitate fell, which was filtered off and treated with 
a mixture of alcohol and acetic acid, in which almost the whole dissolved. 
To the filtered liquid there was added a small quantity of ammonia, which 
produced an almost white precipitate. This was filtered off, washed with 
alcohol, dried 7m vacuo, and analyzed. 

1:°3730 grm. of this precipitate gave 0°6585 grm. carbonic acid and 
0°2265 grm. water. 

2°0730 grms. gave 0°0600 grm. chloride of platinum and ammonium. 

0°7945 grm. gave 0°7720 grm. sulphate of lead. 

In 100 parts the compound contained therefore 


Cee oe eee 13:08 
17 ase Sy 8 St: ee ODT ee eee 1:83 
a Ian Ni rR Se A 0-18 
OSes es eae MEL oo tia 5 13°42 
(DG cee iin Saves) etary 71°49 
: 100-00 


If the small percentage of nitrogen, which was probably due to an 
admixture of extractive matter be neglected, this composition leads to 
the formula C,, H,,0,, + 7PbO, which requires 
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OAh ee 144 13°10 
GS ee ee ee ene 1-72 
a GNtey eer sis eee 152 13°85 
7 PHONO wee eG 784 71:33 


1099 100:00 


The brown glutinous mass (a) which was left undissolved by cold 
alcohol was treated with cold water, and the liquid, after being filtered 
from the insoluble matter (/), which consisted for the most part of chloride 
of lead, was evaporated as usual by means of a current of air. During 
evaporation some more chloride of lead was deposited, which was sepa- 
rated, and there was left at last a thin syrup, which was poured into a 
flask and agitated with alechol. The alcohol converted it into a milky 
emulsion, which, after standing some time, deposited a brown glutinous 
substance, the supernatant liquid becoming clear. The latter having been 
poured off, the deposit was dissolved in cold water, and to the solution 
there was added acetate of lead and sufficient ammonia to cause a slightly 
alkaline reaction. The precipitate (y) which was thereby produced was 
filtered off, washed with water, and, after being suspended in water, decom- 
posed with sulphuretted hydrogen. The liquid filtered from the sulphide 
of lead was evaporated in the air-current, when it left a brown syrup, 
which was treated with alcohol. The alcoholic liquid, after being filtered 
from some insoluble matter, consisting of crystals mixed with a little gtu- 
tinous substance, was evaporated as before to a syrup, and this syrup was 
poured into a flask and agitated with successive portions of ether until 
nothing more was dissolved. The ethereal solution (2) having been poured 
off, the insoluble matter was treated with cold alcohol, which dissolved 
almost the whole of it. To the filtered liquid there was added a little 
alcoholic solution of acetate of lead; and the precipitate thereby produced 
having been filtered off, more lead solution was added, which gave a 
copious precipitate (7) of a greyish cream-colour. This, after being filtered 
off and treated in the same manner as the other lead precipitates, was 
analyzed, the results obtained being as follows :— 

VY. 1:3455 grm. gave 0°8455 grm. carbonic acid and 02830 germ. water. 

1°5710 grm. gave 0°2490 grm. chloride of platinum and ammonium. 

08830 grm. gave 0°7065 grm. sulphate of lead. 

1:4975 grm. gave 0:2580 grm. chloride of silver, equivalent to 0°2508 
grm. chloride of lead. 

In 100 parts it was therefore composed as follows :— 


Stet anbmbpege si kag see oe eda 
Tr Oe ER Rs 8 CRNA 8) 9 he oh aes 
(OED ior ipa eno da > OIDs te 
AL Sos sire ena a TL a - 17°38 
PhO) apculsidy. andy contri 
PhObs wil, lene, We washeee, sviisheg74 


100-00 
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If the formula C,, H,, NO,, be adopted as expressing the composition 
of the organic substance combined with the oxide of lead, the relation in 
which the latter stands to the other extractive matters will be easily seen, 
though the calculated composition does not in this case agree very well 
in all respects with that deduced from the above analysis. This formula 
requires 


Calculation. Experiment. 
maT Te 
Oh occurs oe “228 45°41 45°30 
Hee ee eo 3°07 OZ 
INGE cr se as 14 2°78 2°63 
O 232 46°24 45°90 


002 100°00 100°00 


It may excite some surprise that the extractive matter contained in this 
compound, which was soluble in alcohol, should have been obtained from 
the brown glutinous mass (@), which was insoluble in alcohol, and had 
quite the appearance of an extractive matter itself. This may, however, 
be easily explained, since the mass (a) contained lead, being, indeed, merely 
a lead compound of the extractive matter soluble in alcohol, and many of the 
compounds of the latter with bases are insoluble in alcohol. It is, in fact, 
still doubtful whether urine does contain an extractive matter insoluble in 
alcohol, and whether the various substances having this character, ob- 
tained in these and previous experiments, are not compounds of extractive 
matters with bases ; but to this point I shall return on a future occasion. 

The ethereal solution (4) contained some extractive matter, and also 
hydrochloric acid. The latter having been removed by intreducing car- 
bonate of lead and shaking well, there was added after filtration an excess 
of an alecholic solution of acetate of lead, which produced a copious pre- 
cipitate. This was filtered off and then dissolved in a mixture of alcohol 
and acetic acid. ‘To the filtered solution a small quantity of ammonia was 
added. ‘The precipitate thereby produced was filtered off and treated as 
usual before being analyzed. 

VI. 1°2650 grm. of this compound gave 06860 grm. carbonic acid and 
0°2025 grm. water. 

14445 grm. gave 0°0810 erm. chloride of platinum and ammonium. 

0°4610 grm. gave 0°4250 grm. sulphate of lead. 

In 190 parts it contained therefore 


OF eek on aes Cer me ee y woes ae LAL 
ernie ees Ric ects ates efeie case WOT 
INTE coe steea aie mrserience'S care Biers cite doterore 0°35 
COE RE i, Cha fa icbyn's rane: e-as'n2e weaver hope 
aed ac via ea ee eaudia ONE OO 


100°00 
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The substance combiued with oxide of lead contained, in 100 parts, 


Ciusk, 2 Se Gigs Sierra tye 45°97 
EL, SURGE OE RO TEAS SESE Oiae iat, 2°52 
INVDAS RE DAS Ie RED, LN 1-08 
OES ee. Se. HT ES Re 47°43 

100-00 


It will be seen that this analysis yielded results not differing very widely 
from those of the second analysis. The composition of the substance 
may therefore be explained in the same manner. 

To the liquid filtered from the lead precipitate (g) there was added an 
excess of ammonia, which produced a pale cream-coloured precipitate. 
This was filtered off, washed with water, then suspended in water, and 
decomposed with sulphuretted hydrogen. The filtered liquid was poured 
into a flask, and there was added to it a quantity of freshly precipitated 
oxide of mercury, together with some metallic mercury, the whole being 
frequently shaken. By this means the hydrochloric acid contained in it 
was completely removed, after which the liquid was filtered and evaporated. 
The residue was treated with water, which left a little yellowish powder 
updissolved. Through the filtered liquid sulphuretted hydrogen was passed 
in order to precipitate the mercury.in solution, and after being again 
filtered it was evaporated, when it left a pale yellow syrup. This was 
treated with alcohol, which dissolved almost the whole of it. To the 
filtered alcoholic solution there was added a solution of acetate of lead, 
which produced an almost white precipitate. This was filtered off and 
prepared as usual for analysis. : 

VIL. 0°8440 grm. of this compound gave 0°6255 grm. carbonic acid 
and 0°2110 grm. water. 

1:1035 grm. gave 0°0950 grm. chloride of platinum and ammonium. 

0°4535 grm. gave 0°3155 grm. sulphate of lead. 

In 100 parts it contained therefore 


CERT en ee cee ee ae 202 
NER, ee Sern eee ene Zid), 
SAN OL Ae as sta Nee ecihetg aa 0°54 
Ore A Saeed en ener 29°29 
[B01 Pale ope Sica wea a re eee a DLo19 

160-09 

The substance combined with oxide of lead contained, in 100 parts, 

CP Bea oss bigeye ees 41°41 
| A Ge ae ame ee 5°69 
IN: ere eich ie ae ee 1°i0 
Oy Fg ie ae es Boa Es sinners 51°80 

100°00 


In this, as in several previous cases, the compound contained more than 
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one substance in combination with oxide of lead. Several other compounds 
similar to this were subsequently analyzed, and it will therefore conduce to 
clearness to pass them all under review together. 

The insoluble matter (f), consisting chiefly of chloride of lead, still re- 
mained to be examined. After being washed with water, it was treated 
with cold dilute sulphuric acid. The liquid filtered from the sulphate of 
lead was mixed with an excess of baryta-water, which produced a brown 
precipitate consisting of sulphate of baryta mixed with some compound of 
extractive matter. To the filtered liquid there was added a slight excess 
of acetic acid, and then acetate of lead and sufficient ammonia to neutralize 
the acid. This gave a pale yellow precipitate (), which was filtered off, 
washed, and decomposed with sulphuretted hydrogen. The resulting so- 
lution was filtered and evaporated. The residue left on evaporation was 
treated with alcohol, which left a little white matter undissolved. ‘To the 
filtered liquid there was added an alcoholic solution of acetate of lead, which 
gave a yellowish precipitate. This was filtered off, washed with alcohol, 
and treated as usual previous to its being analyzed. 

VIII. 1:2980 grm. of this compound gave 0°9555 grm. carbonic acid 
and 0°2520 grm. water. 

1°5655 grm. gave 0°2575 grm. chloride of platinum and ammonium. 

0-7115 grm. gave 0°5320 grmacSelphiate of: oe 

12690 grm. gave 0°1350 gtms chloride e f silver, equ ivalent to 0°1312 
grm. chloride of lead. j 

In 100 parts it contained th 
C 


oe ee eo oe ew ew Veo ee 
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IFA care ewes sh settee ve, des an 2°15 
ANG sages th Meany Oates a) ieee ae 1:03 
Oe an a clin Ren Aan ean eee 19°70 
EO res ies Pec re cate coat 46°71 
Ea @ avin. 2h ee tes ale woe 10°34 

100-00 


The substance combined with the oxide and chloride of lead contained, 
in 100 parts, 


Waceeaet hae aise aerate are 46°74 
Hf 0°02 
ING ceasseh cy ehpers ads ara alana cas 2°40 
Oe ra Rieke Serres ane 45°84 

100°00 


To the liquid filtered from the lead precipitate (¢), which was employed 
for the preparation of the last compound, there was added more acetate of 
lead and an excess of ammonia. The bulky precipitate thereby produced 
was filtered off, completely washed with water, and then decomposed with 
sulphuretted hydrogen. The filtered liquid, which had the colour of urine, 
was mixed with oxide of mercury and left to stand for some time. It was 
then filtered again and agitated with metallic mercury, by which means the 
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chloride of mercury contained in it was converted into subchloride, and 
the liquid was rendered free from chlorine. The filtered liquid, which 
was almost colourless, was evaporated in the usual manner by means of 
an air-current, until its volume was considerably diminished. During 
evaporation a little white matter was deposited which was filtered off. 
The mercury contained in the solution was removed by means of sul- 
phuretted hydrogen, and after being filtered it was evaporated as before 
to a syrup. This syrup was found to be insoluble in cold alcohol. It was 
therefore dissolved in a little water. To the solution there was added a 
little acetate of lead, which gave a slight precipitate, and this having been 
filtered off, the liquid was mixed with alcohol until no more precipitate was: 
produced. This precipitate, which was white, was filtered off, washed with 
alcohol, and dried in vacuo. On being analyzed it yielded the following 
results :— 

IX. 1°2825 grim. gave 0°6845 grm. carbonic acid and 0°2145 grm. water. 

1°5205 grm. gave 0°0705 grm. chloride of platinum and ammonium. 

0:7470 erm. gave 0°6690 grm. sulphate of lead. 

In 100 parts it contained therefore 


ines ES AEs os ee 14°55 

H 1°85 

INES onate'ah LS Rete ak ated 0°29 

Ou she : 17°42 

PDOPNSS rae eye 65°89 

100-00 

The substance combined with oxide of lead contained, in 100 parts, 

Cre ti usr ee cariae aus J gleme ns em 

Es aa oe oe merece ioe 0°44 

N 0°85 

O 51°04 

100-00 


The two last analyses will suffice to show that the chloride of lead depo- 
sited during the evaporation of the liquid obtained from the precipitate, 
which basic acetate of lead produces in urine after the addition of neutral 
acetate, takes down with it a portion of the extractive matter, and that the 

composition of this portion is similar te that of the rest which is retained 
in solution. 

This series of experiments leads to the conclusion that the precipitate 
produced in urine by basic acetate of lead contains, in combination with 
oxide and chloride of lead, at least two extractive matters, one of which is 
soluble in alcohol and ether, the other soluble in alcohol only, but very 
similar to ene another in all other respects; and that it also affords a sub- 
stance which has the composition and some of the properties of glucose, 
this being probably a product derived from one or both of the extractive 
matters, and not preexisting in the urine or even in the lead precipitate 
itself. 
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B (1857). 

Having by the previous experiments determined in a general way the 
composition of the precipitate produced in urine by basic acetate of lead, I 
now resolved to ascertain whether the precipitate with neutral acetate of 
lead contains any urinary extractive matter in addition to the sulphate, 
phosphate, chloride, and urate of lead, of which it chiefly consists. For 

this purpose acetate of lead was added to urine, and the precipitate thereby 
produced was washed with water and then treated with an excess of dilute 
sulphuric acid, with which it was left to stand for some time. To the fil- 
tered liquid, which had a deep yellow colour, there was added sufficient 
baryta-water to remove the sulphuric acid, and then an excess of milk of 
lime, which gave a gelatinous precipitate consisting chiefly of phosphate of 
lime. The liquid, which had now lost much of its colour, was filtered and 
made acid with acetic acid. Acetate of lead now produced no precipitate 
but on the addition of ammonia a cream-coloured precipitate fell, which 
after being washed was treated with dilute sulphuric acid. The excess of 
acid was removed by means of carbonate of lead, and the filtered liquid 
was evaporated in the usual manner in a current of air toa syrup. This 
syrup was dissolved in cold alcohol, and to the solution there was added 
an alcoholic solution of acetate of lead. The precipitate thereby produced 
was filtered off, washed with alcohol, and then treated with dilute sulphuric 
acid. ‘The excess of the latter having been removed as before by means of 
carbonate of lead, the filtered liquid was evaporated. The residue which 
was left was treated with cold alcohol, and the alcoholic solution, after 
being filtered, was mixed with twice its volume of ether, which caused it 
to become milky. After some time a glutinous deposit settled at the bot- 
tom of the vessel, leaving a supernatant liquid, which was bright yellow and 
clear. To this liquid there was added an alccholic solution of acetate of 
lead, which produced a cream-coloured precipitate. This was filtered off, 
washed with alcohol, dried zz vacuo, and analyzed as usual, the results 
being as follows :— 

TI, 0°9805 grm. gave 0:8425 grm. carbonic acid and 0°2320 grm. water. 

1°1795 grm. gave 0°1850 grm. chloride of platinum and ammonium. 

0°6773 grm. gave 0°5000 grm. sulphate of lead. 

0°7280 grm. gave 0°0120 grm. chloride of silver, equivalent to 0°0166 
erm. Gece of lead. 

Hence the compound contained, in 100 parts, 


Gus dwielle® babs Heda tied. 23°43 
et eee ee a 2 2°62 
1 ee seed tis fo bats 0-98 
Oia. Sadek aed wis Ue ace 1 b884 
ee ee ee 63°03 
PER Hf othe te bend Bi okies 1°60 
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The composition of the substance, combined in this case with oxide and 
chloride of lead, corresponds, if the great excess of hydrogen be disregarded, 
with the formula C,, H,, NO,,, which requires 


Calculation. Experiment. 
‘Ss = > 
C3 Be SN yee igen! 51°66 
He 36 5°01 5°79 
Nie de = 14 1-95 pan 
O38 cele 296 41°23 40°38 
718 100:V0 100°60 


This formula differs, as will be seen, only by three atoms of water from 
that to which the first analysis of the preceding series led, though, like the 
latter, it does not represent a pure unmixed substance. It may therefore 
be inferred that the precipitate produced in urine by neutral acetate of lead 
contains the same extractive matters as the precipitate which basic acetate 
of lead gives in the filtrate. This conclusion was confirmed in a very satis- 
factory manner by subsequent experiments. 

Oi T3a7); 

The facility with which the hydrochloric acid derived from the chloride 
of sodium of the urme is removed from solutions of urimary extractive 
matters containing the acid, by means of oxide of mercury and metallic 
mercury, led me to try this method of purification on a somewhat larger 
scale than before. For this purpose a quantity of urine was mixed with 
acetate of lead, and to the liquid filtered from the precipitate basic acetate 
of lead was added, which produced, as usual, a second precipitate. This 
precipitate was filtered off, washed, and treated with dilute sulphurie acid. 
The excess of acid having been removed by means of carbonate of lead, the 
filtered liquid was evaporated in the air-current. The residue left on eva- 
poration was treated with cold water, which left undissolved a mixture or 
compound of chloride of lead and extractive matter. This was filtered off, 
and the lead still contained in solution was precipitated by a current of 
sulphuretted hydrogen. The filtered liquid containing hydrochloric acid 
was now agitated with freshly precipitated oxide of mercury, to which some 
metallic mercury was added. As soon as it had become free from chlorine, 
it was again filtered and evaporated in the air-current. The glutinous 
residue left on evaporation was treated with cold alcohol, in which only a 
trace dissolved. That which was left undissolved by the alcohol was now 
dissolved in water, and through-the solution, which contained an abundance 
of mercury, a current of sulphuretted hydrogen was passed, and the filtered 
liquid was evaporated. The residue was treated with cold aleohol. A pale 
yellow glutinous substance was left undissolved, which was dissolved in 
water. The watery solution was mixed with ammonia, with which it gave 
a flocculent precipitate. To the filtered liquid there was added acetate of 
lead, and the precipitate thereby produced was filtered off, washed, and 
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dissolved in acetic acid. The filtered solution was mixed with a large 
quantity of alcohol, which produced a pale cream-coloured precipitate. 
This was filtered off and prepared for analysis in the usual manner. 

I. 1°3755 gym. of this compound gave 0°8125 grm. carbonic acid and 
0:2770 grm. water. 

2°0605 grms. gave 0°1175 grm. chloride of platinum and ammonium. 

0°6830 grm. gave 0°5785 grm. sulphate of lead. 

These numbers lead to the following composition :— 

Oe Ay ai sane ad. ttteiee LO" LI 


EEG AW gna! GOB E 2°23 
ING CEN O41 8 3. vote 0°35 
ORGS, sae 18°99 
PbOgI 2 Hels oat Benin 5 62°32 

100-00 


The composition of the organic substance, combined with the oxide of 
lead, may be expressed by the formula C,, H,, NO_,, which requires 


Calculation. Experiment. 
Qt ida ork 516 42°68 42-75 
1 de te ae eg. ii 5°87 5°93 
INR ee a 14 1°15 0°95 
Ota. | O08 30°30 50°37 
1209 100-00 100°00 


Tt will be seen that the Analyses VII. and IX. of Series A, which were 
made with compounds prepared in the same manner as this, led to almost 
the same composition. It must not be inferred from this that these were 
all compounds of a pure substance with oxide of lead. It is more probable 
that the oxide of mercury employed in their preparation had simply the 
effect of removing certain substances from the solution with which it was 
brought into contact, leaving a mixture of others, the quantities of which 
stood in acertain unvarying ratio to one another. ‘That the above formula 
represents a mixture containing glucose is very probable, as I shall after- 
wards show; and, on the other hand, it is certain that a great part of the 
extractive matters entered into combination with the oxide of mercury, as 
the solutions, after being shaken up with the oxide, became several shades 
lighter in colour.’ It is also not improbable that oxide of mercury causes 
the extractive matters to undergo a certain degree of oxidation—a conclusion 
to which the large percentage of oxygen yielded by the analysis just given, 
as well as the two others, seems to point. In my subsequent experiments 
I therefore ceased to employ oxide of mercury except as a means of puri- 
fying the extractive matter insoluble in ether and alcohol. 

The mixture or compound of chloride of lead and extractive matter ob- 
tained as usual in this experiment was employed for the preparation of a 
compound containing less chloride of lead, the process being the same as 

VOL. XVI. I 
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that adopted in preparing for Analysis VIII. of Series A. It was also ana- 
lyzed, but the results present nothing of interest. 
D (1857). 

The lead compounds next analyzed were procured from the same source 
as those of Series A. Urine was mixed with a solution of acetate of lead 
as long as a precipitate was produced, and to the filtered liquid basic ace- 
tate of lead was added, which gave, as usual, an abundant precipitate. 
This was allowed to'settle, washed, filtered off, and then treated with cold 
dilute sulphuric acid. The excess of the latter having been removed by 
means of carbonate of lead, the filtered liquid was evaporated in the usual. 
manner by means of a current of air. The syrup which was left behind 
" was dissolved in a little water, and the solution was mixed with a large 
quantity of alcohol. To the filtered liquid there was added an alcoholic 
solution of acetate of lead and some ammonia. The precipitate thereby 
produced was filtered off, washed with ‘alcohol, and then treated with dilute 
sulphuric acid. The excess of acid having been removed with carbonate 
of lead, the filtered liquid was evaporated in the usual manner to a syrup. 
This syrup was poured into a flask together with a little alcohol, and a large 
quantity of ether was then added, which caused the separation ofa glutinous 
substance that was slowly deposited at the bottom of the vessel. After 
the ethereal ‘solution had become clear, it was poured off from the giutmous 
deposit (a) and evaperated, and the residue was treated with water, which 
left a little fatty matter undissolved. The filtered liquid was evaporated 
in the usual manner to a syrup, which was dissolved in aleohol. On the 
addition of acetate of lead and a little ammonia to this solution, a cream- 
coloured precipitate fell, which was filtered off, washed with alcohol, dried 
in vacuo, and analyzed. It contained no trace of chloride of lead. 

I. 0°9905 grm. gave 0°7145 grm. carbonic acid and 0°2030 grm. water. 

1:2625 germ. gave 0:1285 grm. chloride of platmum and ammonium. 

0:6400 grm. gave 0°5265 erm. sulphate of lead. 

These numbers correspond, in 100 parts, to 


CY RA ret aus aon ee 19°67 
TL oe Se ee ee 27 
IN os tenes eee 0°63 
Oe Mote eee cane meets oes 16:90 
POS a Nee Bae Ae 60°53 

100°00 

The substance combined with oxide of lead contained, in 100 parts, 

BIR & Sa RRS op ety fn eee 49°83 
dH art canarias IO ual Ra 5°75 
IN ha Ren aeewans eine aac te 1°62 
CD) Fags Sccuap eke ted ice Shay 42°80 

100°00 


It will be seen that the composition of the substance combined with oxide 
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of lead is nearly the same as that to which Analysis I. Series A. led, and 
which was expressed by the formula C,, H,, NO,,. it may also be remarked 
as a singular circumstance, that the quantity of oxide of lead found in the 
present analysis is equal to the sum of the oxide of lead and chloride of 
lead (52°26+48°40) of the former. Hence it may be inferred that in‘these 
compounds the chloride cf lead and oxide of lead replace one another 
weight for weight, and not according to their respective equivalents. The 
same circumstance occurred on several other occasions*, otherwise it 
might have been attributed to mere accident. 

The glutinous substance (a), insoluble in‘the mixture of alcohol and ether, 
was treated with water. The liquid, after being filtered from some undis- 
solved matter, consisting chiefly of chloride of lead, was mixed with a solu- 
tion of acetate of lead and a large quantity of alcohol, which produced a 
eream-coloured precipitate. This was filtered off, and after being treated 
in the usual manner, submitted to analysis, the results being as follows :— 

Ii. 1°5515 grm. gave 0:9650 grm. carbonic acid and 0°3295 grm. water. 

2°0575 grms. gave 0°3430 grm. chloride of platinum and ammonium. 

0:9105 grm. gave 0°6875 germ. sulphate of lead. 

1-1730 grm. gave 0°2340 grm. chloride of silver, equivalent to 0°2274 
erm. chloride of lead. 

These numbers lead to the following composition :— 


Gs aa eee oh Be peers Cree 16°96 
Telia pes, died crcl os mand 235 
Nah pied ie Sood ih ie od iets 1°04 
risks Tonite (Aci pncsatn sity Lis ble 20°24 
Pa Obaeide Merete alee one 40:02 
ly © litniasyapitt ian lata ndases 19:39 

100-00 


~The composition of the organic portion of the compound may in this 
case be represented by the formula C,, H,, NO,,, which requires 


Calculation. Experiment. 
Bavongnrer ofa 298 41°99 41°79 
lic Ras eee 29 0°34 5°81 
DS ree 14 2°37 2°57 
Osea aang 272 50°10 49°83 
543 100-00 100°09 


The mixture of extractive matter and chloride of lead obtained in this 
ease was treated in the manner before described, and a compound was 
obtained which was also analyzed; but the details need not be given as 


* For example, the percentage of oxide of lead of the sixth analysis of Series A 
(67-83) is equal to the sum of the oxide of lead and chloride of lead of the second ana- 
lysis of the same series (67°84), the amount of other constituents yielded by the two 
analyses being nearly the same. 


Te, 
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they possess no interest. I may state, however, that it contained 40 per 
cent. of oxide of lead and 35 per cent. of chloride of lead, and that the 
composition of the remaining 25 per cent. of organic substance did not 
differ very widely from that to which the preceding analysis conducted. 


E (1858). 

After having added to urine an excess, first of acetate and then of basic 
acetate of lead, the liquid is found to have lost the greatest part of its 
colour. Nevertheless it produces with ammonia a bulky precipitate, which 
is similar in appearance to the two other lead precipitates, and also con- 
tains some extractive matter. The object of this series of experiments was 
to ascertain whether the composition of this portion of extractive matter is 
the same as that of the portion contained in the two other precipitates. 
A quantity of urine was accordingly mixed with acetate of lead, and then 
with basic acetate of lead, until the latter gave no more precipitate. After 
the liquid had become clear, it was decanted and mixed with an exeess of 
ammonia. The precipitate thereby produced was allowed to settle, filtered 
off, completely washed, and then treated with dilute sulphuric acid in the 
cold. The excess of the latter was removed by means of carbonate of lead, 
and the filtered liquid was evaporated as usual by a current of air. The 
residue left on evaporation was treated with cold water, and the liquid, 
after being filtered from the mixture of chloride of lead and extractive 
matter (a) left undissolved, was evaporated as before. The syrupy residue 
now left was well shaken with cold alcohol, which left a portion (6) undis- 
solved. The filtered liquid was evaporated, and the residue having been 
dissolved in a little alcohol, the solution was mixed witha large quantity of 
ether, which made it milky and produced a copious syrup-like deposit (ec). 
This was allowed to settle, and the ethereal liquid was poured off and eva- 
porated. The residue left on evaporation was dissolved in cold alcohol, 
and to the solution there was added an alcoholic solution of acetate of 
lead, which produced a precipitate containing much chloride of lead. The 
addition of a little ammonia to the filtered liquid gave rise to a second 
precipitate, which was filtered off, washed, and prepared in the usual 
manner for analysis. 

I. 0°8405 grm. gave 0°5000 grm. carbonic acid and 0°1240 grm. water. 

1:1070 grm. gave 0°1595 grm. chloride of platinum and ammonium. 

0°5575 grm. gave 0°5285 grm. sulphate of lead. 

In 100 parts it contained therefore 


Oy «Pt irhaae eet Ia. 16°22 
ET 5. eatin eden’ aoheaoss 1°63 
N 0°90 
Oia 11°50 
PbO veces 552 69°75 
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The substance combined with oxide of lead contained, in 100 parts, 


Cee eR erastosecskese  5a°038 
i ae gee : : 3°41 
ING GS oa a es ees aN se 2°99 
Oe ha Pgs eC he aR ce GOs 

100°00 


This analysis yielded so large an amount of nitrogen and so little hydro- 
gen and oxygen as compared with the preceding analyses, that it becomes 
difficult to bring it into harmony with the latter without having recourse to 
very improbable hypotheses. This discordance would, however, not be 
sufficient to justify the conclusion that the extractive matter soluble in 
ether contained in the precipitate with ammonia has a different composi- 
tion from that prepared in the same way from the two other lead precipi- 
tates. By subsequent experiments it was indeed rendered very probable 
that they are identical in composition. It may therefore be inferred that 
in this case the discrepancy was due to some error, perhaps analytical. I 
should have hesitated in giving the details of this analysis had I not been 
desirous of presenting, without making any selection, the whole of the evi- 
dence on which my final conclusions are based. 

The syrup-like deposit (c), insoluble in ether, was dissolved in alcohol. 
The solution was mixed with an alcoholic solution of acetate of lead, and 
the precipitate thereby produced was filtered off, washed with alcohol, and 
treated with dilute sulphuric acld. The excess of acid was removed by 
means of carbonate of lead, and the filtered liquid was evaporated in the 
air-current. The residue left on evaporation was treated with cold water, 
which left a quantity of chloride of lead undissolved; and to the filtered 
liquid there was added acetate of lead, and then a large quantity of alcohol. 
This gave a precipitate which, after being treated in the usual manner, was 
analyzed, the results obtained being as follows :— 

II. 1°1540 grm. gave 0°6320 grm. carbonic acid and 0:2050 grm. water. 

- 1°7405 grm. gave 0°2700 grm. chloride of platinum and ammonium. 
0°3005 grm. gave 0°2570 grm. sulphate of lead. 

0°7200 grm. gave 0°1015 grm. chloride of silver, equivalent to 0°0986 
erm. chloride of lead. 

In 100 parts it contained therefore 


OQ a ab tetas ats halal eae 14°93 
EE Ree ae Se AN 97 
N 0°97 : 
Oe genome ae wey tlh 16°51 
PbO cacee cas Hoe 51°92 
BG hipster ls daze |e: Bree cn 13°70 
100-00 


The substance combined with oxide and chloride of lead contained, in 
100 parts, 
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C 43°43 
ii fee ed es 
ING sipecre i aes asl «erie 2°82 
O 48°02 

100:00 


Several subsequent analyses led to the same composition asthis. I shall 
therefore defer for the present giving the corresponding formula. 

The syrupy matter, insoluble in cold alcohol (6), was treated with cold 
water, which left a quantity of gelatinous matter undissolved. Through 
the filtered liquid sulphuretted hydrogen was passed in order to precipitate 
the lead in solution, and after being again filtered it was evaporated in the 
air-current toa syrup, which was treated with cold alechol as long as any- 
thing was dissolved. A portion (@) was left undisgolved. To the filtered 
liquid there was added an alcoholic solution of acetate of lead, which pro- 
duced a cream-coloured precipitate. This was filtered off and treated as 
usual before being analyzed. yf 

III. 1:1430 erm. gave 0°5310 grm. carbonic acid and 0°1720 grm. water. 

1:6965 gym. gave 0°1100 grm. chloride of platinum and ammonium. 

0:6470 grm. gave 0°6245 grm. sulphate of lead. 

1:0900 grm. gave 0°0485 grm. chloride of silver, equivalent to 0°0471 
erm. chloride of lead. 

In 100 parts it contained therefore 


Oconee has ny Gees oer cere 12°67 
1 iste astlirern haiti Be eo te ast 1°67 
INGA fe nase eee Late oe 0°40 
Oe ie ace hen on eee 13°39 
OO ice ee ee ha eae 67°55 
OCiy as eee ee ee 4°32 

100°00 


The substance combined with oxide and chloride of lead contained, in 
100 parts, 


C 45°04 
Ee ns SAAS See ee a O94 
IN ck BPR YA ef ae eal 144 
CO es A Ee Lb 47°58 

100:00 


The portion of the syrupy residue (@) which was left undissolved by cold 
alcohol in the preparation of the preceding compound was dissolved in cold 
water, and to the solution acetate of lead and alcohol were added, which 
produced a dirty-white precipitate. ‘This was filtered off, washed with 
alcohol, suspended in water, and decomposed with sulphuretted hydrogen. 
The filtered liquid was evaporated in the air-current, and the syrupy residue 
was treated with alcohol, which left a portion of it undissolved. The latter, 
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after the liquid had been poured off, was dissolved in water, and the solu- 
tiomixed with acetate of lead and alcohol. The dirty-white precipitate 
thereby produced was filtered off, washed, dried, and analyzed. 
IV. 0°5750 grm. gave 0°5355 grm. carbonic acid and 0:2010 grm. water. 
0°7260 grm. gave 0'2595 grm. chloride of platinum and ammonium. 
0°3585 grm. gave 0°1930 grm. sulphate of lead. 
In 100 parts it contained therefore 


(Camis a para sl a ll 25°39 
Ls A pt a nai ei 3°88 
NE ees ee ee 2°24 
ake aati, A area : 28°91 
PbO?. 39°58 

100-00 

The substance combined with oxide of lead contained, in 100 parts, 

C 42°02 
H 6°42 
IN esas). 6 esis: Hing eos oats 3°70 
O 47°86 

100-00 


The results obtained in this analysis approximate to those yielded by 
Analysis I., Series D. 

The mixture of chloride of lead and extractive matter (a) which was ob- 
tained in this series of experiments was also examined, and a lead compound 
was prepared from it which was submitted to analysis. The results, how- 
ever, do not possess sufficient interest to make them worthy of communica- 
tion. They served to show that the organic portion of the mixture did 
not differ in composition very widely from the extractive matters, the com- 
_ pounds of which had been previously analyzed. 

It was about this time that I made a discovery of some interest connected 
with the chemistry of urine. I was occupied with the examination of the 
lead precipitate produced by ammonia in the liquid filtered from the pre- 
cipitate with basic acetate of lead, and having treated it in the manner 
above described for the purpose of separating the extractive matters con- 
tained in it, I obtained an alcoholic solution of the latter, to which I added, 
as usual, a quantity of ether, and I observed after some time, mingled with 
the glutinous deposit produced by the ether, a quantity of crystalline 
matter. On pouring off the liquid and adding a little cold water to the 
deposit, the crystalline portion was left undissolved, and after filtration and 
washing had the appearance of a silky mass of a brownish hue. By dis- 
solving it in boiling water and adding animal charcoal, the colour was re- 
moved ; and on evaporating the filtered liquid I obtained a substance, crys- 
tallizing in white silky needles, which had the properties of tyrosine. It 
was very little soluble in cold water, and crystallized from the solution in 
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boiling water in snow-white masses consisting of star-shaped groups of 
needles. It gave, on being tried by Piria’s method for discovering tyro- 
sine, a very decided reaction. Its watery solution also gave, with nitrate 
of mercury, the reaction peculiar to tyrosine. 

Among my collection of products from urine, there is one also belonging 
to this period; but by what means it was procured I cannot state, as I 
can find no memoranda relating to it among my notes. All that I can say 
regarding its preparation is, that it was obtained, like the other, from the 
lead precipitate with ammonia, and I think by a similar process. It is, 
however, totally different in its properties. It consists of regular, colour- 
less crystals, and has a sweet taste. It dissolves in boiling water, but is 
not easily soluble in cold water. Its watery solution, on the addition of a 
salt of copper and an excess of caustic soda, turns blue; but no suboxide 
of copper is deposited on boiling the liquid. From its giving, when treated 
in the manner described by Scherer, with nitric acid, then with chloride of 
calcium and ammonia, the pink colour characteristic of mosite, I conclude 
that it consists of that peculiar species of sugar. 

It is well known that both tyrosine and imosite are found in the urine in 
disease ; and as the urine employed in my experiments was secreted by a 
great number of individuals, it seemed not improbable that among those 
individuals there might be some whose urine contained those bodies as the 
result of some morbid condition. In this case it would be the precipitates 
with basic acetate of lead and with ammonia in which these substances 
would be found, as they are neither of them precipitated by neutral acetate 
of lead. It is possible, however, that their occurrence may be due to some 
peculiar decomposition undergone by the extractive matters. I shall return 
to this point when I come to describe the properties of the latter. 


F (1860). 

The investigation had now reached a point at which, in my opinion, no 
advantage was to be derived from attempting to devise new methods of 
preparing the bodies under examination for analysis. I preferred going 
over the ground again, employing the same methods as before, and obtain- 
ing, if possible, some confirmation of the previous results. 

The series of experiments now to be described consists of a renewed ex- 
amination of the three lead precipitates in which the urinary extractive 
matters are contained—that produced in urine with neutral acetate of lead, 
that with basic acetate of lead in the liquid filtered from the first, and that 
with ammonia in the liquid filtered from the second precipitate. 

The precipitate with acetate of lead was treated in the manner described 
in giving an account of the experiments of Series B. After being washed 
it was decomposed with sulphuric acid ; the excess of the latter was removed 
from the filtered liquid by means of caustic baryta, and the phosphoric 
acid was precipitated by adding milk of lime. ‘The filtered liquid having 
been mixed with an excess of acetic acid, acetate of lead and ammonia were 
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added to it, producing a cream-coloured precipitate. This was filtered off, 
washed with water, and treated with dilute sulphuric acid. The excess of 
the latter having been removed by means of carbonate of lead, the filtered 
liquid was evaporated in the air-current. ‘The chloride of lead which was 
deposited during evaporation was filtered off, and the syrupy residue which 
was left at last was treated with cold alcohol. The liquid was poured off 
from the undissolved portion and evaporated, and the syrupy residue having 
- been again dissolved in a little alcohol, the solution was mixed with a 
large quantity of ether, which threw down a portion of the matter in solu- 
tion. The liquid, which was ofa golden-yellow colour, was poured off from 
the insoluble deposit and evaporated to a syrup. This syrup was poured 
into a flask and agitated with a quantity of ether. After standing for some 
time, the ether, which had dissolved a portion of the syrup, was poured off 
and evaporated. ‘The residue, which was free from compounds of chlorine, 
was dissolved in alcohol, and to the solution there was added an alcoholic 
solution of acetate of lead, which produced a precipitate of the usual colour. 
This was filtered off, washed with alcohol, dried in vacuo, and analyzed, the 
following results being obtained :— 

TI. 1:1080 grm. gave 0°9095 grm. carbonic acid and 0°2500 grm. water. 

1°5635 grm. gave 01360 grm. chloride of platmum and ammonium. 

0°7160 grm. gave 0°5430 grm. sulphate of lead. 

These numbers lead to the following composition :— 


(Day a eee ee aa eae 22°38 
115 Ld sp NR Sa eh ea 2°50 
INSEE EOS Pk hs ates ai dno b 0°54 
OF ne. Ie) 977 
PbO. . 59°80 
100:00 


The composition of the substance combined with oxide of lead corresponds 
in this case with the formula C,, H., NO,,, which requires 


9) 


Calculation. Experiment. 
Gade 516 50°83 50-65 
152 ee 2 ee 53 Da 22 3°67 
INTEL ous ovis 14 Palseery 1:22 
(SN eR 432 42°58 42°46 
1015 100°00 100:00 


On a previous occasion the analysis of the lead compound of the extractive 
matter soluble in ether led to the formulaC,, H,, NO,,, which differs from 
the above by two equivalents of water. ‘This difference might be ascribed 
to a more or less perfect desiccation of the lead compound; but I think it 
is more probably due to an absorption in one case of the elements of water, 
a process which often takes place with bodies of this class. From the ex- 


tractive matter insoluble in ether but soluble in alcohol I also prepared a 
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lead compound, but the quantity obtained was not sufficient for a complete 
analysis. 

The precipitate with basic acetate of lead was submitted to a process 
which did not differ from that just described, except in being rather simpler 
on account of the absence of phosphoric acid. It yielded by this treatment 
four substances ; viz. one soluble in ether (a), a second soluble in alcohol 
but insoluble in ether (2), a third insoluble in a mixture of alcohol and 
ether (c), and a fourth insoluble in alcohol as well as in ether (d). The 
substance soluble in ether (a) was dissolved in absolute alcohol, and to the 
solution there was added an alcoholic solution of acetate of lead, which gave 
a precipitate of the usual colour. This was filtered off and prepared in the 
same manner as before for analysis. 

II. 0°7215 grm. of this compound gave 0°6155 grm. carbonic acid and 
0°1695 grm. water. 

1:1295 grm. gave 0°1215 grm. chloride of platinum and ammonium. 

0°4820 grm. gave 0°3680 grm. sulphate of lead. 

In 100 parts it contained therefore 


GO ig: tae ened: Shi Be Ee 23°26 
ERO ee ees eS ee 2°61 
IN tucks Babe irpa te Wwe gal 0°67 
Ova aes ie ee Bk ah ae 17°29 
Belo) uss, Drie, Seeker) D617 

100°00 

The substance combined with oxide of lead contained, in 100 parts, 

Ese NSE SPP HERA ee, Toh oe atl 53°06 
1 I Phot en Ale PoP A ott Ale 5°95 
IN rec. cde eee oa: x 1552 
Dive diiy Ghai pernctaniade 39°47 

100:00 


The composition of the substance, combined in this case with oxide of 
lead, differs, as will be seen, very widely from that of the extractive matter 
soluble in ether as determined by previous experiments. This want of ac- 
cordance is surprising, and I can only attribute it to some error iu the ana- 
lysis. ‘The ratio between the nitrogen, the carbon, and the hydrogen is 
about the same as usual, and the discrepancy may therefore have arisen 
from an error in the estimation of the oxide of lead. There was not suffi- 
cient material left for ancther determination. 

The substances (6) and (c), which I supposed to be essentially the same, 
were dissolved together in absolute alcohol. The solution was filtered from 
a small ane ntity of insoluble matter, and there was added to it an alcoholic 
solution of acetate of lead, which produced a precipitate of the usual colour. 
This was filtered off, washed, dried, and analyzed with the following 


results :— 
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II. 0°5855 grm. gave 0°4100 grm. carbonic acid and 0°1230 germ. water. 

0°7835 germ. gave 0°1625 grm. chloride of platinum and ammonium. 

0:4300 erm. gave 0°3265 grm. sulphate of lead. 

0°5085 erm. gave 0°0800 grm. chloride of silver, equivalent to 0°0777 
grm. chloride of lead. 

These numbers lead to the following composition :— 


Ck. RE: oe ae ee LO Ug 
PL arieees's aula eae d we es 2°33 
N -1°30 
O ae 18°39 
PbO ew at 43°60 
PbCl ele eee ss ao 15°29 

100°00 


The composition of the extractive matter contained in this lead com- 
pound corresponds with the formula C,, H,, NO,,, which requires 


Calculation. Experiment. 
a 
SC elec 5's 228 46°24 46°44 
Pe PS carne: 27 3°47 2°66 
INES er SS 14 2°83 3°16 
Ores. <3 224 45°46 44°74 
493 100-00 103°00 


The substance (d) was treated with cold water, which dissolved the whole 
of it, with the exception of some chloride of lead which was filtered off. 
Sulphuretted hydrogen was passed through the liquid in order to precipt- 
tate the lead in solution ; and having been again filtered, it was stirred in a 
mortar with sulphate of silver, by which means the hydrochloric acid as 
well as the excess of sulphuretted hydrogen contained in it were removed. 
Through the filtered liquid sulphuretted hydrogen was passed in order to 
precipitate the silver in solution. It was then filtered again, agitated with 
carbonate of lead in order to remove the sulphuric acid, filtered, freed from 
excess of lead by sulphuretted hydrogen, filtered again, and then evaporated 
in the air-current to a syrup. This syrup having been dissolved in water, 
acetate of lead was added to the solution, which after filtration was mixed 
with a large quantity of alcohol. This produced a precipitate, which was 
filtered off, washed with alcohol, suspended in water, and decomposed with 
sulphuretted hydrogen. The filtered liquid was evaporated in the air-cur- 
rent to a syrup, which was treated with cold alcohol until all the soluble 
matter was removed. ‘The portion insoluble in alcohol* was dissolved in 

* A part only of this was employed in the preparation of the lead compound. The 
remainder was kept in a flask for a considerable time. It was then found to have depo- 
sited a quantity of crystalline matter, which remained undissolved on the addition of 
cold water, but was soluble in boiling water. The boiling solution, after being decolo- 


rized with animal charcoal and filtered, deposited, on cooling, a quantity of tyrosine in 
white crystalline needles, 
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water, and to the solution acetate of lead was added, which gave a slight 
precipitate. The filtered liquid was mixed with a large quantity of alcohol, 
which produced a cream-coloured precipitate. This was filtered off and 
prepared in the usual manner for analysis. 
IV. 1:0485 grm. gave 0'6810 grm. carbonic acid and 0:2195 grm. water. 
1°5440 grm. gave 0°2755 grim. chloride of platinum and ammonium. 
0°6120 grm. gave 0°4820 grm. sulphate of lead. 
In 100 parts it contained therefore 


OHI Cee REI REE 17a 
ERAS A ee 2°32 
ANG A Aes ee EZ 
OPE SORTER ES sie 20°90 
EDO rop tthe Seen es 97°95 

100-00 

The substanee combined with oxide of lead contained,-in 100 parts, 

sk cake he ae ag Reece gS x2 - A211 
18 RRA UN cnc pe ear Re 5°51 
INN) GX atari eee 2°66 
ON eR hee rae nae 49-72 

100:00 


It will be seen that this analysis yielded numbers not differing very widely 
from those of Analysis II. Series D. The composition of the extractive 
matter combined with oxide of lead corresponds in both cases with the for- 
mula C,, H,, NO,,. A comparison of the two analyses affords also a 
further corroboration of what has been stated above, viz. that in the lead 
compounds containing chloride of lead, the latter replaces the same weight, 
not an equivalent quantity of oxide of lead. The difference between the 
amount of oxide of lead of the one compound and that of the chloride and 
oxide taken together of the other, isin this case greater than in those before 
referred to. 

The precipitate produced by ammonia in the liquid filtered from that 
with basic acetate of lead still remained to be examined, In consequence, 
however, of a change of residence and other unforeseen circumstances the 
investigation suffered a lengthened interruption at this stage, and was only 
recommenced after an interval of two years. During this time the precipi- 
tate was keptin well-stoppered bottles covered with water, so as to preserve | 
it moist and out of immediate contact with the atmosphere. It had under- 
gone no perceptible change. It was therefore filtered off and treated with 
dilute sulphuric acid. The excess of acid was removed by means of car- 
bonate of lead, and the filtered liquid was evaporated at a moderate tempe- 
rature in a hot-air stove instead of, as hitherto, by means of a current of 
air, which I now no longer had the means of producing of the requisite 
strength. The residue left after evaporation was treated with cold water, 
which left a quantity of chloride of lead of a dirty-yellow colour undis- 
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solved. The liquid was filtered, sulphuretted hydrogen was passed through 
it, and after being filtered from the precipitated sulphide of lead, a boiling 
solution of sulphate of silver was added to it as long as any precipitate of 
sulphide or chloride of silver was produced. The excess of silver was re- 
moved from the filtered liquid by sulphuretted hydrogen, and the liquid 
having been again filtered was agitated with carbonate of lead, which took 
away the sulphuretted hydrogen and the sulphuric acid containedin it. It 
was then filtered, sulphuretted hydrogen was passed through it, and after 
being filtered from the sulphide of lead, it was evaporated in the hot-air 
stove toa syrup. This syrup was then poured into a flask, a little alcohol 
and a large quantity of ether were added, and the whole was well shaken. 
After standing for some time the ethereal liquid was poured off from the 
undissolved portion of the syrup (e) and evaporated. The residue left after 
evaporation was treated with water, and the resulting solution was filtered 
from a little fatty matter which was left undissolved and evaporated. The 
residue was poured into a flask and treated with ether. After standing 
some time the liquid was poured off from the undissolved syrup-like matter 
(f) and evaporated, and the residue was treated again with ether, which 
left a little more syrup-like matter undissolved. ‘The residue now left was 
dissolved in alcohol, and to the solution acetate of lead and ammonia were 
added. The precipitate thereby produced was filtered off, washed with 
alcohol, and treated with a little dilute acetic acid, in which it was for the 
most part soluble. Some brown flocks which were left undissolved were 
filtered off, and the liquid was mixed with a large quantity of alcohol which 
produced a pale cream-coloured precipitate. This was filtered off, washed, 
dried, and analyzed, the following results being obtained :— 

V. 1°2335 grm. gave 0°8460 grm. carbonic acid and 0°2375 grm. water. 

15440 grm. gave 0°1175 grm. chloride of platinum and ammonium. 

0°7570 grm. gave 06265 grm. sulphate of lead. 

These numbers lead to the following composition :—~ 


CRE ene eae an 18-70 
Ee cto te. hig dare 2°13 
Me ee 0°47 
Cee ec y te 17°81 
DAO gt a Gale Ra 60°89 

100-00 


The composition of the substance combined with oxide of lead agrees 
tolerably well with the formula C,,H,, NO,,, which requires 


Calculation. Experiment. 
mu toe 2) 
‘Ohsges aaa 516 48-27 47°81 
Re ee ees 29 5°52 5°44 
IND cy 14 1°30 1°20 
O 480 44°91 45°55 


1069 100°60 100°00 
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This formula represents a substance containing several atoms more water 
than the extractive matter soluble in ether, the composition of which was 
arrived at by Analysis III. Series A. The tendency to absorption of water 
by this body was already indicated by Analysis I.of the present series. Here 
it has taken place to a still greater extent, and has probably attained the 
extreme possible limit. The absorption of water in this instance 1 was at 
the time inclined to attribute to the evaporation of the solutions containing 
the extractive matters having been conducted at a higher temperature than 
before. I now think it more probable that it was due to the length of time 
during which the lead precipitate with ammonia was kept in contact with 
water, | 

The syrup-like matter insoluble in alcohol and ether (e) and that imso-: 
luble in ether alone (f/f) were mixed together and treated with alcohol. 
After standing for some time the liquid was poured off from some glutinous 
substance (g), which was left undissolved, and evaporated. The residue 
left on evaporation was treated with warm absolute aleohol, which dissolved 
the greatest part of it. To the solution there was added a little acetate of 
lead, and after being filtered from the precipitate it gave, with an excess of 
alecholic lead solution, an abundant precipitate, which after bemg treated 
in the usual manner was analyzed. 

VI. 0:8800 grm. of this precipitate gave 0°7235 grm. carbonic acid and 
0°2335 grm. water. 

1:4885 gym. gave 0°3300 germ. chloride of platinum and ammonium. 

0:2160 grm. gave 0°1415 grm. sulphate of lead. 

In 100 parts it contained therefore 


GES: SST, ELL Ray YE 22°42 
HIN? PA eNO Tae Ce See 2°94 
DRisdue beter Ser See ea SETS 1°39 
Or eel Meee ere 25°05 
PhO THA Ae BELMORSS 9 48°20 
ie 100:00 
The substance combined with oxide of lead contained, in 100 parts, 

Up Ekaterina oe" Senora ASS 
cle ives ARG a ieet  ae-o oh DEN 5°69 
PU artes aS Rey evians 21 Rs 2°68 
AO are ein AS. yeh ha Bo a2 48°35 
106:00 


The glutinous substance (g) left undissolved by alcohol was treated with 
water, and the resulting dark-brown solution was filtered from some undis- 
solved gelatinous matter and agitated with oxide of mercury, which took 
up a great deal of the colour, leaving the solution of a pale yellow tint. 
After filtration sulphuretted hydrogen was passed through it in order to 
precipitate the mercury ia solution, and after being again filtered it was eva- 
porated, when it left a pale yellow amorphous residue. This was treated 
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with alcohol, and the portion left undissolved by the alcohol was dissolved 
in water. To the watery solution acetate of lead was added, and the filtered 
liquid was mixed with a large quantity of alcohol, which produced a pale 
cream-coloured precipitate. This was filtered off and prepared in the usual 
manner for analysis. 

VII. 1:0625 grm. of this precipitate gave 0°7060 grm. carbonic acid and 
0°2400 grm. water. 

2°0080 germs. gave 0°2505 germ. chloride of platinum and ammonium. 

0°8545 grm. gave 0°6210 grm. sulphate of lead. 

In 100 parts it contained therefore 


Ci ieee O28 ge oa 18:12 
Pele) eter eis ks, Ges 2°50 
IN dodegiawestlsion Bree 0°78 
OO heh rd ya ren Tyee. 25°13 
PbO adh patina tous ioe! DStAZ 

100°00 

The substance combined with oxide of lead contained, in 100 parts, 

Cia erate chavs ee, Ses 38°94 
EIR, PR Fate eee aren eg 5°40 
INES Pea TOM ee YS 1°68 
OM eee, Wek Te 53°98 

100:00 


These numbers seem to point to the conclusion that the extractive mat- 
ter insoluble in alcohol had also absorbed a considerable quantity of water, 
in consequence of the long-continued contact of the mixed lead compounds 
with water. As there seemed, however, some reason to suspect the pre- 
sence of glucose in the compound of this analysis, I thought it hardly worth 
while to devise any formula to represent its composition. 


G (1862). 

The next series of experiments was made with urine obtained from the 
surgical wards of the Manchester Infirmary. By employing material de- 
rived from an entirely different source, I hoped to obtain further confirma- 
tion of the results previously arrived at. I refrained, however, from using 
any truly morbid urine for fear of introducing an element of uncertainty 
into the experiments. The urime supplied to me, through the kindness of 
the medical officers of the Institution, did not differ perceptibly from that 
of healthy individuals, the appearance, colour, and reaction being quite 
normal. 

The urine was first mixed with a solution of acetate of lead, and the pre- 
cipitate thereby produced was separated and treated in the manner before 
described, for the purpose of getting rid of the phosphoric and uric acid 
contained in it; and by means of acetate of lead and ammonia a precipitate 
was then obtained containing, besides chloride of lead, only compounds of 
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the extractive matters. This was then added to the lead precipitate pro- 
duced by ammonia in the urine after being filtered from the precipitate with 
acetate of lead. ‘The mixture contained, therefore, the extractive matters 
of the three lead precipitates, which had before been separately examined. 
It was treated in the manner described near the conclusion of the preceding 
“section, that is to say, it was acted on by dilute sulphuric acid; the hydro- 
chloric acid set at liberty was removed by means of sulphate of silver, the 
excess of silver was precipitated as sulphide, the sulphuric acid was got rid 
of with carbonate of lead, and the lead in solution having been precipitated 
with sulphuretted hydrogen, the liquid was evaporated, leaving a residue 
containing the extractive matters, which were separated from one another 
by means of alcohol and ether. In this way I obtaineda substance soluble 
in alcohol and ether (a), a second soluble in alcohol but insoluble in ether. 
(6), and a third insoluble in alcoho! and ether (c). From the first a lead 
compound was prepared in the usual manner, the analysis of which led to 
the following results :— 

I. 0:9530 grm. gave 0°6695 grm. carbonic acid and 0'1665 grm. water. 

1°3260 grm. gave 0:0995 erm. chloride of platinum and ammonium. 

0°5250 grm. gave 0°4500 grm. sulphate of lead. 

In 100 parts it contained therefore 


eye asi ciety eoeg med AU. 19°15 
H 1°94 
IN eae Sec eee ere nae 0°47 
OEE Ata ROU tte tee Iisyseo97/ 
LALO, le ape iY tal a ea 63°07 

100°00 

The substance combined with oxide of lead contained, in 100 parts, 

OW ali rae ue fa ape he ae ei 51°88 
BR ae ee neta a 25 
INR. 2 ee Te Le 1°27 
Oise sla hed ihe me aes cette 41-60 

100:00 


{t will be seen that the composition of the extractive matter of this com- 
pound may be expressed by ‘the formula C,, H,, NO,,, the same to which 
Analysis III. Series A led. 

The substance 6 was treated in the cold with absolute alcohol, which 
left a portion of it undissolved. The solution was evaporated, and the resi- 
due was treated as before with absolute alcohol. The residue left after the 
second evaporation was dissolved in water. Acetate of lead was added to 
the solution, and the filtered liquid was mixed with alcohol, which pre- 
duced a precipitate. This was treated as usual and then analyzed. 

II. 1:0980 grm. gave 0°7935 grm. carbonic acid and 0'2410 grm. water. 

16135 grm. gave 0'2740 grm. chloride of platinum and ammonium. 

0°4765 grm. gave 0°3550 grm. sulphate of lead. 
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These numbers lead to the following composition :— 


Ca aeteie. aan epee wat 19°70 
TEL See aE LS SRE 2°43 
LA eee are odin Bie Abie eae 1:06 
NO Eee let cob inacn renee 22°00 
PDOs I anda Va oe 54°81 

100-00 


The composition of the substance combined with oxide of lead agrees 
very well with the formula C,, H,. NO,,, which requires 


Calculation. Experiment. 
GH HA fotee 228 43-42 43-59 
TES Bl) 27 5-12 5:37 
INGER Scie Te: 14 2°66 2°34 
Oh gees 256 48:80 48-70 
525 100-00 100-00 


Several of the preceding analyses gave a composition corresponding more 
or less closely with the same formula, as I shall show when I come to give 
a summary of the whole of the results obtained. 

The substance c, which was insoluble in aleohol, was treated with cold 
water. The resulting solution was filtered from some gelatinous matter 
(consisting of silica), which was left undissolved, and then agitated with 
oxide of mercury. After filtration, sulphuretted hydrogen was passed 
through it in order to precipitate the mercury in solution, and after being 
filtered it was evaporated. ‘The glutinous residue left on evaporation was 
dissolved in a very small quantity of water, and the solution was mixed 
with a large quantity of alcohol, which precipitated a substance of a gluti- 
nous nature. After standing for some time the liquid was poured off, and 
the precipitated matter was washed with alcohol and then dissolved in a 
little water. ‘To the solution there was added acetate of lead, which pro- 
duced a dirty-yellow precipitate ; and the addition of a considerable quan- 
tity of alcohol to the filtered liquid gave rise to a second precipitate, which 
was filtered off, washed, dried, and analyzed as usual. 

III. 1:1780 grm. of this precipitate gave 0°8090 grm. carbonic acid 
and 0°2660 grm. water. 

2°0705 grms. gave 0'3585 grm. chloridé of platinum and ammonium. 

0:7485 grm. gave 0°5595 grm. sulphate of lead. 

In 100 parts it contained therefore 


(Oy i Saas gies IAC AE a Lae 18°72 
1 le ee soe a cae IE eee ee 2°50 
IN erie Cae ae ital, cb y cae 1:08 
Oe pee eM ee ale ak ne 5 22°70 
ENG) Dane Yvert c's, ic. 4 syH tg aes as 95°00 

100:00 
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The substance combined with oxide of lead contained, in 100 parts, 


CRP rc ee. ee oe 41°60 
it. e SCO Ete Oc er Cero c D*D9 
eee ce ee ee ee ce 2°40 
OR ee ee ce ee 50°45 

100:00 


Two of the preceding determinations, viz. Analysis II. Series D and 
Analysis IV. Series F, led to nearly the same results, the composition of 
the substance contained im the lead compound corresponding in all three 
eases with the formula C,, H,, NO,,. 

Being curious to ascertain what had been taken up by the oxide of mer- 
cury which was employed in the purification of the substance used in the 
preparation of the last lead compound, it was, after being washed, sus- 
pended in water and decomposed by a current of sulphuretted hydrogen. 
The filtered liquid was evaporated to a syrup. ‘This syrup, which was 
very brown, was dissolved again in a very little water, and the solution was 
mixed with a large quantity of aleohol, which produced a glutinous deposit. 
The latter, after the liquid had been poured off, was dissolved in a little 
water, and to the solution there was added acetate of lead, which gavea 
dirty-yellow precipitate. The filtered liquid was mixed with a large 
quantity of alcohol, and the resulting precipitate was filtered off, washed, 
dried, and analyzed. 

0:7170 grm. of this precipitate gave 0°5365 grm. carbonic acid and 
0:1650 grm. water. 

10915 grm. gave 0°6240 grm. chloride of platinum and ammonium. 

0-3615 grm. gave 0°2595 grm. sulphate of lead. | 

In 100 parts it contained therefore 


Geweia ting ada gat enn daleeiom 20°40 
ERs a skire ded dais diem Doslaod. an be 3 2°59 
IN tc piss dv adden sow aimee a citek 3°99 
Oo. side sodtielew od dean 2 ake ae 20°65 
PbOwadan gas oo: ores dheed kee 52°81 

100:00 

The substance combined with oxide of lead contained, in 100 parts, 

Gia hereunder enh a eee tay sacha aye 43°24 
BRT 912 TEENS LOE. 5:41 
ING tig ete atch PIE ae ky ee 7°60 
Oe: WRN ata ee tet ed 43°75 

100-00 


From the unusually large amount of nitrogen yielded by this analysis, 
it must be concluded that the oxide of mercury took up some substance 
differing in composition from the extractive matters, probably a product 
of decomposition of the latter. 

This series of experiments confirms in a remarkable manner the results 
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previously obtained, and serves to show that the composition of the 
extractive matters does not vary with the source whence they are derived, 


H (1863). 

In order to remove any doubt that might still have remained in regard 
to the composition of the urinary extractive matters, I made another series 
of experiments, employing for this purpose ordinary healthy urine. The 
urine was mixed as usual with acetate of lead, and then with basic acetate, 
but the precipitate with the latter was alone made use of. This, after 
being washed with water, was treated in the manner before described, and 
yielded as usual a substance soluble in ether (@), a second soluble in 
alcohol but insoluble in ether (4), a third insoluble in a mixture of alcohol 
and ether (¢), and a fourth insoluble both in alcohol and in ether (d). 
The first of these was treated with water, which left a quantity of fatty 
matter undissolved. To the filtered liquid there was added acetate of lead ; 
and having been again filtered, it was mixed with a large quantity of 
alcohol, which produced a precipitate of the usual appearance. The 
analysis of this precipitate yielded the following results :— 

I. 10945 grm. gave 0°8540 grm. carbonic acid and 0°2115 grm. water. 

1°5585 grm. gave 0°1265 grm. chloride of platinum and ammonium. 

0°6600 grm. gave 0°5255 grm. sulphate of lead. 

In 100 parts it contained therefore 


Oho ac ke emir WO aoa Me ie de nae Aer GA oF fe We 21°28 
13 Pea pe BU aCIEa be SGut eae A ea lr arog de 2°14 
INSEL esta ee Oe eee ee ek PP PR 0°50 
Cie helices ica Ar eee Oa cae aio Cana i ea 17°50 
BOOs ee On eet es Pea Sass 58°58 

100-00 

The substance combined with oxide of lead contained, in 100 parts, 

CH Ra SR a a RUN SRE me NSS) 
Eros ar scte es cche MS et oa epee Oke 
INE aN co oleripe: Wc ahey sia cps Wie as nS anit 1-20 
SF oF ee tho Chae eames SIO ae eat 42°27 

100-00 


If this composition be compared with that yielded by Analysis III. Series 
A, it will be seen that the difference between them is not greater, even as 
regards the amount of oxide of lead, than is usually found in two analyses 
of the same substance. This near approximationi n the resuits of the first 
and the concluding series of experiments, as far as regards one of the ex- 
tractive matters, is remarkable. 

The substances 6 and c, though probably one and the same, were 
examined separately, in order to remove all doubt as to the identity of 
their composition. The former was treated with absolute alcohol, in which 
it was entirely soluble. To the solution there was added a little acetate of 
lead, and the dark-brown precipitate produced by the latter having been 

K 2 
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filtered off, an excess of alcoholic-lead solution gave an abundant precipi- 
tate, which was filtered off and then treated with acetic acid, less acid 
being taken than would have sufficed to dissolve it entirely. The filtered 
liquid was mixed with a large quantity of alcohol, which gave a precipitate 
of a pure cream-colour. ‘This was analyzed in the usual manner. 
II. 1°1365 grm. gave 0°9295 grm. carbonic acid and 02695 orm. water. 
1:5655 grm. gave 0°2595 grm. chloride of piatinum and ammonium. 
0-°6855 grm. gave 0°4585 grm. sulphate of lead. 
In 100 parts it contained therefore 


Oe ee a ee ee 22°30 
He oe Geen eee 2°63 
iN edi eganna A con aA relat 1-04 
One e 24°82 
PbO.. 49-21 

100-00 


Ch ea oS rato gn she eee 


H o°15 
DN Ree aaiee on oN coal Sark le ROMER Shetek hur os Cut 2°04 
aS te eee age a Pe ae aie 48°91 

100°00 


The substance c was treated with alcohol. The liquid was poured off 
from the portion left undissolved and evaporated. ‘The residue was dis- 
solved in a little alcohol, and the solution was mixed with a large quantity 
of ether, which precipitated a syrupy mass, After the latter had settled, 
the liquid was poured off, aud the syrup was dissolved in water. Acetate 
of lead was added to the solution, and the filtered liquid was mixed with a 
quantity of aicohol. The precipitate thereby produced was filtered off, 
washed, dried, and analyzed, the results being as follows :— 

IIT. 1°1475 grm. gave 0°8800 grm. carbonic acid and 0°2610 grm. water. 

15390 grm. gave 0°2995 grm. chloride of platinum and ammonium. 

0°7300 grm. gave 0°5135 grm. sulphate of lead. 

In 100 parts it contained therefore 


Dig acheserse Meee rengna rae, ie Mer 20°91 
Fle Soe Bea Ae otat Mapette lhc dng at ae tte es 2°52 
INTDiik ge veatoisae Onan dedbiaeied He, eta 1:22 
Din aid S oa ace gine Seige Net: 23°60 
JET © Yin in 4 52y hn NER Mc ale 51°75 

100:00 

The substance combined with oxide of lead contained, in 100 parts, 

Die dp» Gaeta Nd agen 43°33 
EL did Os CU eee NAD hae 2°22 
07 wigiastiatad i <i Maangt, aan mbites na 48:93 


100°00 
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Hence it follows that the substances 6 and ¢ have the same composi- 
tion, a composition corresponding with the formula C,, H,. NO,,, the same 
to which Analysis IJ. of the preceding series conducted. 

The substance d was treated with cold water. The resulting dark- 
brown solution was filtered from some gelatinous matter, which remained 
undissolved and was found to consist chiefly of silica, and then mixed with an 
excess of acetate of lead. This produced a dark-brown precipitate, which 
was filtered off. A little ammonia and a large quantity of alcohol were then 
added to the liquid, and the bulky cream-coloured precipitate produced 
was filtered off, washed with alcohol, suspended in water, and decomposed 
with sulphuretted hydrogen. The filtered liquid was evaporated, and the 
brown glutinous residue which was left was dissolved in water. The addi- 
tion of acetate of lead to the solution produced a brown precipitate. The 
filtered liquid gave, on being mixed with alcohol, a cream-coloured preci- 
pitate, which was filtered off, washed, dried, and analyzed as usual. 

IV. 1°1760 grm. gave 0°9445 grm. carbonic acid and 0°3165 grm. water. 

1°6280 grm. gave 0°5300 grm. chloride of platinum and ammonium. 

0°6715 grm. gave 0°4330 grm. sulphate of lead. 

In 100 parts it contained therefore 


CBee et ade elece crete UIGKote cteteom ts 21:90 
132) =, UN Re Leon Pee me EX Bee Pe a ae 2°99 
IN Becsesacals Meta rsa PS sb Bete Aas ke Sie 2°04 
Cee heen cares Pats atte gree Lint seas. 25263 
MONS pemecrh hte on tout ahe sic0) . teat 47°44 

100°00 

The substance combined with oxide of lead contained, in 100 parts, 

OP rece wacus Baise. stent Fars ere 41:66 
EE ea eer Gert hatin em Ses ct te he chip cd we 5°68 
IN hrs areelel kos dekest ths xt youn te 3°88 
O : : = 24748 

100°00 


The unusually large amount of nitrogen yielded by this analysis was 
probably due to an admixture of the impurity which in the former experi- 
ments was removed by means of oxide of mercury, and which contains, as 
I have shown, more than seven per cent. of that element. Had I employed 
the same method of purification as before, the composition would probably 
have corresponded more closely with that to which Analysis III. of the 
preceding series and several previous determinations led, and which may 
be represented by the formula C,, H,, NO,,. 

The numerical results obtained by these determinations are, I think, 
sufficiently numerous and concordant to allow of definite conclusions being 
drawn regarding the composition of the urinary extractive matters. 
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II. “On the Colourmg and Extractive Matters of Urine.”—Part IT. 
By Enwarp Scuuncg, F.R.S. Received June 20, 1866*. 


Before entering cn a consideration of the analytical details contained in 
the first part of this memoir, it will be necessary to determine the exact 
number of urinary extractive matters, the existence of which Iam justified 
in assuming after having brought the examination of their composition to 
a close. Berzelius, as I have before stated, inferred from his experiments 
that human urine contained three distinct extractive matters, one soluble 
in absolute alcohol, another soluble only in alcohol of sp. gr. 0°833, and a 
third insoluble in alcohol of all strengths, and only soluble in water. A 
similar conclusion would probably be arrived at by any one perusing the 
account which I have given of my own experiments without at the same 
time possessing any information regarding the chemical nature of the com- 
pounds analyzed. Nevertheless this conclusion would be incorrect, since 
a few simple experiments suffice to prove that the extractive matter inso- 
luble in alcohol is not a distinct substance, but invariably contains a quan- 
tity of alkaline or earthy bases, on the removal of which the organic matter ° 
with which they were combined becomes soluble in alcohol, and that the 
extractive matters peculiar to urine are only two in number, the first 
being soluble in ether and alcohol, the second soluble in alcohol only. 
This inference is quite consistent with the results derived from the analyses 
of the lead compounds obtained on various cccasions from the extractive 
matter insoluble in alcohel, the details of which have been given in the first 
part of this memoir. 

A specimen of the extractive matter insoluble in alcohol was prepared 
in the following manner :—Ordinary urine was mixed with acetate of lead, 
and the precipitate thereby produced having been separated, basic acetate 
of lead was added to the liquid, and the second lead precipitate was filtered 
off, washed, and treated with dilute sulphuric acid. The excess of the 
latter was removed by means of carbonate of lead, and the filtered liquid 
was evaporated to a syrup, which was treated with alcohol. The latter 
left a portion of the syrup undissolved ; and this portion, after being washed 
with alcohol, was again dissolved in water and sulphuretted hydrogen was 
passed through the solution, which, after being filtered from the precipitated 
sulphide of lead, was treated with peroxide of mercury and metallic mercury, | 
for the purpose of removing the hydrochloric acid contained init. After 
standing some time and being frequently agitated the liquid was filtered, 
and sulphuretted hydrogen was passed through it in order to precipitate 
the mercury in solution, and after being again filtered it was evaporated. 
The residue left on evaporation was dissolved ina little water, and the solu- 
tion was mixed with alcohol as long as any precipitate was produced; the 
precipitate collected at the bottom of the vessel forming a brown glutinous 


* Read June 21, 1866: see Abstract, vol. xv. p. 1. 
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deposit, which, after pouring off the supernatant liquid, was dissolved in 
water. The solution on being evaporated over sulphuric acid left a residue, 
consisting of what would be called the urinary extractive matter insoluble 
in alcohol. It had the appearance of a dark brown, amorphous, brittle, 
gum-like mass, opaque in thick layers, but translucent at the edges. It had 
a slightly acid and nauseous taste. It was easily reduced by pounding to 
a light brown powder, and when exposed to the air it did not appear to 
deliquesce ; but on being afterwards heated in the water-bath it swelled up 
considerably and became filled with small cavities or vesicles, caused 
doubtless by the escape cf the water which it had absorbed from tha 
atmosphere. Its watery solution, which was of a dark yellowish-brown 
colour, had an acid reaction. Its external properties did not differ mate- 
tially from those ascribed to this substance by Berzelius, who says, ‘It has 
a yellowish-brown colcur, is opaque in the mass ; it has aslightly bitter taste, 
remains dry in the air, and dissolves in water with a dark yellow colour.” 

Now the substance as thus prepared was found to contain a considerable 
quantity of bases, by combination with which the organic constituents were 
rendered insoluble in alechol. On being heated on platinum foil it swelled 
up considerably, and gave off gaseous products having a smell like that of 
burning bread, leaving at last a porous charcoal, which was with great diffi- 
culty reduced to ash. ‘The ash was greyish-brown and alkaline, but for 
the most part insoluble in water; it consisted of oxide of iron, alumina, 
carbonate of lime, magnesia, carbonate of soda, and a trace of potash. A 
quantitative determination of the ash yielded the following results :— 

07665 germ. of the substance heated for some time in the water-bath gave 
0°1025 grm. ash =13°37 per cent. 

The finely powdered substance communicated no colour whatever to abso- 
lute alcohol ; but on adding a few drops of concentrated sulphuric acid and 
allowing to stand for some time, the liquid acquired a deep yellow colour, 
exactly like that of solutions of the extractive matter soluble in alcohol. 
The matter left undissolved by the acid mixture was, after pouring off the 
liquid and washing with alcohol, treated with water, in which the greatest 
part dissolved, but without communicating much colour to the liquid; it 
consisted of the sulphates of lime, magnesia, and other bases. This expe- 
riment alone would suffice to prove that the substance contained the extrac- 
tive matter soluble in alcoho! in combination with various bases. A further 
proof was afforded by another experiment. The watery solutions of the 
urinary extractive matters become considerably darker on the addition 
either of strong mineral acids, such as hydrochloric acid, or of alkalies. 
The deepening of colour in the former case is due to decomposition, in the 
latter to mere combination. Now on taking five equal measures of a watery 
solution of the substance under examination, adding to the first merely 
water, to the second acetic acid, to the third dilute hydrochloric acid, to 
the fourth water and sufficient caustic potash to made it just alkaline, 
and to the fifth strong hydrochloric acid, taking care that the bulk of 
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the five liquids should be exactly the same, and then, after pouring them 
into test-tubes of the same bore, comparing together the tints which they 
exhibited, the following differences were observed :—The second was a 
little lighter than the first; the third, however, was much lighter ; whilst 
the fourth was as dark as, but not darker than the first; and the fifth ap- 
peared hardly darker than the third; but on being boiled a few moments 
and allowed to cool, its tint was as dark as that of the first. Hence it fol- 
lows that the colour of the substance owed a part of its intensity to the 
presence of an alkaline or other base ; for had this not been the case, had 
the extractive matter been in an uncombined state, the addition of dilute 
acid would have caused a deepening of the tint, or at least have left it un- 
changed instead of making it lighter, whereas the alkali would have pro- 
duced a darkening of the colour. The addition of a large excess of acid 
lowered the intensity of the colour in the first instance, m consequence of 
the acid combining with the bases ; but on heating the solution it had the 
effect of deepening the colour, from the decomposing action of the acid 
on the now free extractive matter. 

In order to isolate the organic body, or bodies, contained in the substance, 
some of the latter was dissolved in water, and to the solution basic acetate 
of lead was added. This deprived the solution of its colour, giving an abun- 
dant cream-coloured precipitate, which was filtered off, washed, suspended 
in water, and decomposed with sulphuretted hydrogen. The filtered liquid 
was evaporated at a gentle heat, when it left a brown glutinous residue. 
This, when burnt, still left a considerable quantity of ash, which was yellow 
and non-alkaline, and consisted chiefly of alumina with a little oxide of 
iron and a trace of lime. When treated with absoiute alcohol, a great part 
of this glutinous matter dissolved, yielding a deep yellow solution, while a 
quantity of light-brown flocks was left undissolved. The filtered liquid 
left on evaporation a brownish-yellow deliquescent substance, which had the 
appearance and properties of the extractive matter soluble in alcohol. When 
burned, it left only aslight trace of ash. When treated with boiling caustic 
alkaline lye it evolved ammonia. It was perfectly insoluble in ether, and 
was therefore free from the extractive matter soluble in that menstruum. 
Its watery solution, when mixed with sulphuric acid and heated for some 
time, deposited a quantity of dark brown flocks, which, after being filtered 
off, washed, and dried, had the appearance of a dark brown, almost black 
powder (uromelanine), which was almost insoluble in alcohol, but dissolved 
readily in aqueous ammonia, giving a brown solution, from which it was re- 
precipitated by acids in brown flocks. ‘This is the most characteristic pro- 
perty of the extractive matter soluble in alcohol and insvuluble in ether, and 
serves to distinguish it from the one soluble in ether, which yields, by 
decomposition with strong acids, a brown resinous substance, easily soluble 
in alcohol (uroretine). That portion of the substance derived from the 
precipitate with basic acetate of lead, which was left undissolved by abso- 
lute alcohol in the shape of light brown flocks, was easily soluble in water. 
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The solution yielded on evaporation a yellow, brittle, transparent, gum-like 
substance, which, when burnt, left a considerable quantity of reddish- 
yellowash. Hence it appears that the precipitate with basie acetate of 
lead contained, besides oxide of lead, other bases in combination with the 
organic bodies, a portion of it consisting probably of double compounds of 
extractive matter with lead, alumina, lime, &c. Similar compounds, with- 
out doubt, were present in the original precipitate thrown down from urine 
by basic acetate of lead. By the second precipitation a great portion of 
the alkaline or earthy bases was removed, the portion which remained 
forming, by combination with a part of the extractive matter, a compound 
insoluble in alcohol. 

The substance under examination contained, however, in addition to 
extractive matter, a bedy having, like glucose, the property of reducing an 
alkaline solution of copper, a property which does not belong to either of 
the extractive matters in a state of purity. On mixing the watery solution 
with sulphate of copper and an excess of caustic soda, it assumed a bright 
green colour, and on being boiled deposited an abundance of suboxide of 
copper. The body producing this reaction cannot be separated from the 
extractive matter insoluble in ether by the use of solvents, since they 
behave in the same manner towards ordinary menstrua, nor by crystalliza- 
tion, as both are, as usually obtained, amorphous. Both substances are 
also precipitated from the watery solution by basic acetate of lead, and 
from the alcoholic solution by neutral acetate. If, however, a solution of the 
two substances in water contains also earthy and alkaline bases, the glucose- 
like body tends to combine with these to the exclusion of the extractive 
matter, and on now evaporating and treating the residue with alcohol, 
provided a sufficient quantity of bases is present, the alcohol takes up only 
extractive matter; but if they are deficient, the solution in alcohol will 
contain both. On the other hand, the compounds of the extractive matter 
with bases are less soluble in alcohol than those of the glucose ; so that, on 
adding alcohol to a watery solution containing compounds of both bodies, 
the precipitate frequently consists of a compound of extractive matter only, 
without glucose. With a knowledge of these facts, it is easy to explain 
why in my experiments I obtained sometimes pure extractive matter, some- 
times glucose only, and occasionally a mixture of both, without any great 
difference in the physical properties of the products being observed. 
That the glucose-like body so often accompanying the extractive matters 
has a composition similar to that of grape-sugar, and other substances of the 
same class, was proved by the analysis of its lead compound, the results of 
_ which were given in the first part of this memoir. 

A specimen of extractive matter, insoluble in alcohol, obtained by eva- 
porating a portion of the liquid from which the lead compound of Analysis 
IV. Series I, was precipitated with acetate of lead and alcohol, and which 
had been kept for several years in my collection of products from urine, 
gave on examination similar results. It was a dark brown, shining, 
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amorphous substance, transparent in thin layers, brittle when quite dry, 
but becoming soft and viscid on exposure to the air. Its taste was acid, 
followed by a bitter after-taste. When heated it swelled up, gave off much 
gas, and left a bulky charcoal, which was easily reduced to a whiteash. A 
determination of the quantity of ash yielded the following results :— 

0:5005 grm. dried in the water-bath left 0°0120 grm. ash=2°39 per 
cent. 

The ash was non-alkaline, entirely insoluble in water, but soluble in 
hydrochlori¢ acid, and consisted of alumina with traces of oxide of iron and 
lime. The substance was completely soluble in boiling absolute alcohol ; 
but on adding a little concentrated sulphuric acid, the liquid acquired a 
deep yellow colour, and nearly the whole of the substance dissolved gradu- 
ally, though not so easily as in the preceding case. The alcoholic solution, 
on being mixed with several times its volume of ether, separated into two 
layers, the lower one being of a deep yellow colour, and containing appa- 
rently the whole of the extractive matter, while the supernatant ethereal 
liquid was almost colourless. The watery solution, when tried in the usual 
manner, was found to contain no trace of glucose. In this case, therefore, 
the substance consisted of extractive matter only, in combination with 
alumina. A very small amount of the latter is sufficient, as it appears, to 
produce with the extractive matter a compound insoluble in alcohol. 

Some of the cream-coloured lead compound, which had served for 
Analysis III. Series G, and which had been prepared from a substance 
insoluble in alcohol, was treated with a mixture of alcohol and sulphuric 
acid. The liquid, on being left to stand in contact with the compound, 
gradually acquired a bright yellow colour like that of a solution of ex- 
tractive matter, while the resulting sulphate of lead appeared almost white. 

These experiments lead to the conclusion that there exists no urinary 
extractive matter insoluble in alcohol, and that what has hitherto been 
so called consists generally of a compound of the extractive matter soluble 
in alcohol, with some base or with several bases mixed occasionally with 
similar compounds of the glucose, which so often accompanies this extractive 
matter, and is probably one of its products of decomposition. Though 
the extractive matter soluble in ether forms, with bases, compounds in- 
soluble in alechol, I have never found this substance to be a constituent of 
the product insoluble in alcohol when prepared in the manner above 
described. 

I shall now proceed to give my views of the composition of the uncom- 
bined urinary extractive matters, as deduced from the analytical determi- 
nations contained in the first part of this paper. 

For the extractive matter soluble in alcohol and ether when im its” 
highest state of purity I have adopted the formula C,, H,,NO,,. The 
Analyses III. Series A, I. Series F, I. Series G, and I. Series H gave 
numbers agreeing tolerably well with this formula, as the following 
Table, in which the results are placed-together for the sake of a more 
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easy comparison with one another, and the theoretical composition, will 
show* :— 


ALTE, PT G. I. EL, Fr. 
: Calculation. 2. af Peon. 2. Mean. 
C,, i S16 51°75 51°04 50°65 21°88 Bes. ales 
Hi. Fi) ok aril 5545 5°67 5325 5°16 5°38 
Pifes.2 dA 1:40 1°34 1:22 1:27 1 GAY 1:26 
Gy. 416 41°74 42°19 42°46 41:60 4D 27 42°13 


997 100:00 10000 10060 100:00 100:00 100°60 

I do not insist very strongly on the correctness of this formula; since, 
for a body the atomic weight of which is so high, and was determined 
solely by the amount of nitrogen contained in it, other formule might be 
calculated agreeing equally well with the results of analysis. I have 
adopted this one in preference, because a simple relation is thereby esta- 
blished between the composition of this extractive matter and that of the 
other, as I shall presently show. It will, however, hardly be doubted 
that the composition of this substance is, under all circumstances, the 
same, seeing that the material employed for its preparation in these expe- 
riments was derived from various sources, at wide intervals of time, and 
that it was obtained cn one occasion from the precipitate with neutral 
acetate of lead, on other occasions from that with basic acetate of lead, or 
from all the three lead precipitates combined. 

The second analysis corresponds more closely with the formulaC,, H,, NO,, 
than with the one just given, as I have before remarked. This proves 
that the substance has a tendency to take up the elements of water, a ten- 
dency still further developed in the case of the specimen employed for the 
Analysis V. Series F, which led to the formula C,, H,, NO,,. 

Tn order to avoid circumlocution I shall for the future call this substance 
urian. 

The extractive matter soluble in alcohol but insoluble in ether was in 
my opinion obtaimed only on one occasion free from all admixture, and in 
the state in which I suppose it to exist originally in the urine. On this 
occasion its composition corresponded with the formula C,, H,, NO,,, as 
proved by the results of Analysis I11. Series F, which were as follows :— 


Calculation. ayy 

(oa ee ea 2 ee OS 46°24 46°44 
13 oC ne eae 2h be 5°66 
Ds igen 14 DOS 3°16 
2 a eee i are rears 224 45°46 44°74 
493 100-00 100:00 


* In this and the following Tables the numerals 1, 2, and 3 denote that the deter- 
mination was made with substance obtained either from the precipitate produced in 
urine with neutral acetate of lead (1), or from that with basic acetate of lead in the 
liquid filtered from the first precipitate (2), or from the precipitate with ammonia in the 
filtrate from the other two precipitates (5). When the three numerals occur together, 
it indicates that all three precipitates were employed in the manner described in Part I. 
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In my earlier experiments, before I had commenced to employ ether 
without alcohol for the separation of the two extractive matters, I occasion- 
ally obtained mixtures of equal quantities of the two bodies, as proved by 
several analyses of lead compounds, the results of which have been given. 
For instance, Analyses I. Series A, and I. Series D, conducted to the for- 
mula C,, H,, NO,,.. By doubling this formula, its relation to the two other 
formule will be seen at once, since 


2(C,. H,, NO,,) =C,, Je NO; Si C,; H,, NO 


The Analysis I. Series B, which was made with a similar mixture, led to 
the formula C,, H,, NO,., which only differs from the preceding by three 
equivalents of water, from which it is to be inferred that in this case also 
beth extractive matters were present, and that neither preponderated over 
the other. These analyses, therefore, though valueless in themselves, 
serve to confirm the two formule given for the extractive matters. 

The extractive matter soluble m alcohol but insoluble in ether I pro- 
pose to name urtanine. ‘The relation in which it may possibly stand to 
urian is shown by the equation 


Oo 1a NOP a 24 HO=C,, H,, NO,,+4 (Cr H,, Oy: 


which proves that urian after absorbing water may split up into urianine 
and glucose ; and though this is a process which I have not hitherto actu- 
ally observed, still it is one which may be assumed to take place within the 
body. 

The later analyses of the lead compounds of this substance corresponded 
with the formula C,, H,, NO,., as will be seen from the following Table, in 
which the results are placed in juxtaposition with one another and with the 
theoretical composition :— 


28° 


Goceeeen ee Viele G. II. laly JO, Ee Haale 
3. ils Zea 2. 2. Mean. 
C,. EO PAS 43°42 43°28 43°59 43°90 43°33 43°52 
Te 27 lh 5°69 ao ale 0°22 2°37 
ING ee eda 2°66 2°68 aay 2°04 Oe 2°39 
O29 256 48°80 48°35 48°70 48°91 48°93 48°72 
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The difference in composition to which the two formule point is, in my 
opinion, to be attributed not to any errors cf analysis, nor to any variation 
in the quality of the urine employed on diiferent occasions, but rather to a 
difference in the mode of preparation. In the later series of experiments 
artificial heat was employed in the evaporation of the solutions mstead of 
the current of cold air made use of for the same purpose at the commence- 
ment of the investigation. I am inclined to think that, in consequence of 
the elevation of temperature, slight as it was, the substance took up four 
equivalents of oxygen; and though there was no apparent difference in the 
physical properties of the original and the oxidized substance, stiil they can- 
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not be considered as identical. Ifa distinct name is to be bestowed on the 
latter, I would suggest ovurianine as the most appropriate. There are 
indications of the presence of this substance in the earlier experiments also. 
For instance, Analysis II. Series E gave a composition not differing very 
widely from that to which the later determinations conducted. 

The Analyses IX. Series A and I. Series C gave numbers corresponding 
with the formula C,, H., NO,,, which seems to indicate that the substance 
analyzed was a mixture of oxurianine and glucose, since 


o H,,, NO,,=C,, H,, NO,,-+4 (Os Hi, O,,). 


This supposition was confirmed by an examination of the lead compound 
of the analysis last named, a portion of which still remained. On treating 
some of this compound, which was of a pale cream-colour, with dilute sul- 
phuric acid, I obtained a yellow solution which was filtered from the sul- 
phate of lead. A portion of this solution, on being mixed with more 
acid and heated, became darker, and deposited a quantity of brown flocks, 
which is an indication of the presence of urianine or of oxurianine. 
Another portion became, on the addition of sulphate of copper and an 
excess of caustic alkali, of a deep blue colour, and on being boiled de- 
posited an abundance of suboxide of copper. 

The Analysis IV. Series A, which led to the formula C,, H,, NO,,, like- 
wise represents a mixture of oxurianine and glucose, 1 equivaient of each 
haying been present in this case. 

The analyses of the lead compounds prepared from the so-called ex- 
tractive matter, insoluble in alcohol, support the view which I take of its 
nature, viz. that it consists in most cases of a compound of the extractive 
matter soluble in alcohol with bases, since these analyses gave for the sub- 
stance, combined with oxide of lead, numbers corresponding with the for- 
mula C,, H,, NO,,, as will be seen on glancing over the results, which are 
here subjoined :— 


Cea ads, D. IL. PVE GareG Ute nkb. VE 

: | 2. 2. 1,2, 3. 2, Mean. 
eee 298 4199) A-79 ) 49-11) 41-60. 41-66 41-79 
Bley, 29 5°34 5:81 5:51 5°55 5°68 5:64 
Nia 14 2°57 2°57 2:66 2°40 3°88 2°87 


Bie ea 20 10) Ages 9) 40. 728 15045) 48-78 49070 
543 10000 100-00 ~—:100-00 100-00 100-00 100-00 


The tendency to absorb water on the part of these substances, which I 
have pointed out in the case of urian, shows itself here also. Seeing that 
the body having a composition corresponding to the formula C,, H,, NO,, 
was always obtained from compounds of extractive matter with bases, it is 
probable that its formation from the one having the formula C,, H,, NO,, 
is due to the action of bases, an action which so often leads to the ab- 
sorption of water by organic bodies. 


134 On the Colouring and Extractive Matters of Urine. [Recess, 


In the preceding review several of the determinations given in Part I. 
have not been referred to. They are as follows :— 

Series A, Analyses II., V., VI., VII., VIII. 

B45 Ye; TIL; TV: 

ame Si Is Vu: 

Of these A. II. and A. VI. gave numbers corresponding very well with 
the formula C,, H,, NO,,, which may be considered to represent a mixture 
of what may be called the hydrates of urian and urianine, since 

2 (C3 H,, NO,,) =C,, H,, NO,,+ Cy H,, NO,,. 

A hydrate having the formula C,, H,, NO,, was once isolated, and its 
lead compound was submitted to analysis (F. V.); but the other was not 
obtained in my experiments, though Analysis V. Series A gave results 
agreeing with the formula C,, H,, NO,,, which represents a compound of 
urianine and water. The substance with which Analysis VII. Series A 
was made was probably a mixture of oxurianine and glucose, examples of 
which occurred frequently in the course of my experiments, as I have 
before explained. ‘The Analyses I. Series E and II. Series F are the only 
determinations of importance which admit of no explanation, unless it be 
assumed that considerable errors were committed in making them. 

I maintain, then, that, with the exceptions just named, the numerical re- 
sults obtained in my examination of the composition of these bodies may be 
explained by adopting the views which I have set forth, views which, I 
venture to say, have at least the merit of simplicity to recommend them. 
Whether they are correct or not I should, however, despair of arriving any 
nearer the truth by still further multiplymg experiments of the kind I have 
described, and I therefore have brought this portion of the investigation to 
a close. 

The striking analogy subsisting between the extractive matters of urine 
and the series of bodies of which indican forms the first member is a point 
of some interest, to which I shall have again occasion to refer. The rela- 
tion in which urian and urianine stand to one another is, in my opinion, 
similar to the one which has been found to exist between indican and indi- 
canine. Then, again, both urianine and indicanine take up oxygen; and 
are converted into oxurianine and oxindicanine, bodies which, in their 
physical properties, resemble those from which they are derived. It ig 
indeed not impossible that oxindicanine may be actually converted by a very 
simple process into oxurianine, as will be evident from the following 


equation :— 
Oxindicanine. Oxurianine. 


C,, H,, NO,,.+4HO=C,, H,, NO,,+2 CO,. 

Processes such as the one represented by this equation are constantly 
going on in the body, and it is therefore quite possible that the indican 
originally existing im the blood or tissues may be decomposed, and appear 
in the urine as ordinary extractive matter. Indeed the same process may 
take place in the urine itself as a result of fermentation and oxidation, 
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which may serve to explain the fact of the existence of indican in urine 
having so frequently been overlooked. 

From the experiments hitherto described, I am justified, I think, in 
drawing the following conclusions :— 

1. Human urine contains, under all circumstances, two distinct and 
peculiar extractive matters, one of which is soluble in alcohol and ether, 
while the other is soluble in alcchol but insoluble in ether. 

2. The composition of these bodies is almost always the same, the slight 
variations which are found to occur being due, not to any difference in the 
quality or source of the urine employed at various times, but rather to the 
decomposition which takes place during the process of preparation, and 
which cannot be entirely avoided. 

3. Both substances contain nitrogen as an essential constituent, but in 
so small a proportion as to show that their atomic weight must be very 
high. 

4, Both substances have a tendency to take up water, especially when 
their aqueous solutions are heated or mixed with strong acids. 

5. The extractive matter insoluble in ether takes up a certain proportion 
of oxygen, and is converted into a product, which does not differ in its 
appearance or its most obvious physical properties from the original 
substance. 

6. There exists no urinary extractive matter insoluble in alcohol, the 
substance hitherto so called consisting in most cases of compounds of one 
of the true extractive matters with various bases. 


Ill. “Ona Crystalline Fatty Acid from Human Urine.” By Epwarp 
Scuunck, F'.R.S. Received September 21, 1866%*. 


The occurrence of fatty matter in urine is a somewhat rare phenomenon, 
and is generally considered as a symptom of disease, or at least of an 
abnormal state of the system. In most cases it is found associated with 
albumen, forming the so-called “chylous urine,’ in which the fatty matter 
is suspended in such extremely minute particles as to give the liquid the 
appearance of milk. In a few instances it has occurred in the shape of 
fluid oi!-globules floating about in the urine; but it is more frequently 
found enclosed in cells, which sink and forma deposit at the bottom of the 
vessel. Fatty matter is a constituent of xvesteinc, the pellicle which is 
sometimes formed on the surface of the urine of pregnant women; and a 
fat resembling butter was obtained from it by Lehmann, though by some 
authors the very existence of kiesteine as a peculiar deposit is doubted. 
Lastly, a few cases are described in which a fat-like substance was passed 
with the urine in the form cf small concretions, which, when fresh, were 
soft and elastic, but dried into hard, yellow, wax-like masses (Heller’s 


* Read November 15, 1866: see Abstract, vol. xy. p. 258. 
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urostealith). In no recorded instance was the fatty matter contained in 
the secretion in a state of true solution. 

The accounts which are given of the physical and chemical properties of 
the fatty matters of urme are extremely vague, and quite insufficient to 
enable us to identify them, so that it may be concluded that in most cases 

‘the quantity obtained was extremely small. Dr. Beale has, indeed, shown 
that the fatty matter which accumulates in the epithelial cells, passed with 
the urine in some cases of fatty degeneration of the kidney, contains 
cholesterine; and Berzelius and Lehmann state that urime, when distilled 
with the addition of sulphuric acid, yields butyric acid; but in other 
respects our ignorance is almost complete. None of the works devoted to 
the subject of urine contain a hint which would lead one to suppose that 
fatty matter in any form is a constituent of the ordinary healthy secretion. 

These few words will probably suffice to give an idea of the present state 
of our knowledge on this subject from a chemical point of view. 

The discovery of which I am about to give an account was a result of 
the examination of the colouring and extractive matters of urme with which 
I have been occupied for some time, and which forms the subject of several 
Papers already communicated to the Royal Society. In the course of my 
experiments, 1 observed on several occasions, mixed with the urinary ex- 
tractive matters, drops of a brown or yellow oil, the appearance of which 
I could not account for, since it was difficult to conceive how fat of any 
kind could be deposited from watery solutions of these extractive matters, 
which generally have an acid reaction ; unless, indeed, it was assumed either 
that it was a product of decomposition, or that the extractive matters possess 
the property of effecting the solution or suspension of fatty matter in water. 
On one occasion there was deposited during the evaporation of a watery 
solution of urian (the extractive matter soluble in ether) a quantity of fatty 
acid, from which I prepared a baryta-salt soluble in boiling alcohol, and 
crystallizing from this solution in small scales. Traces of a fat-like sub- 
stance were almost always obtained on treating watery solutions of the ex- 
tractive matters with animal charcoal, filtering, treating the charcoal with 
boiling aleohol, and evaporating the alcoholic liquid. Animal charcoal also 
effected the separation of a small quantity of fatty matter from urine itself, 
and this circumstance led me to devise a plan for procuring a quantity 
sufficiently large to enable me to determine its chief properties. This 
method I shall now proceed to describe. 

Ordinary healthy urine, having been filtered so as to separate all insoluble 
matter, is passed in successive portions through purified animal charcoal 
contained in a common percolating apparatus. The percolating liquid 
appears quite colourless, and devoid of the usual odour of urine. A large 
quantity of urme may thus be passed with the same effect through a small 
quantity of charcoal; but at last there arrives a point at which the char- 
coal, though apparently retaining its decolorizing and deodorizing power 
undiminished, suffers the liquid to pass through with extreme slowness 
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only, and tne latter, after having percolated, appears rather milky, from a 
small quantity of white matter suspended init. At this point it is advi- 
sable to discontinue the percolation of urme and to commence washing the 
charcoal with water. This is continued until every trace of chlorides and 
phosphates is removed, and the charcoal is then laid to dry, either in the 
air or at a moderate temperature in astove. When dry the charcoal is treated 
with boiling alcohol, to which it corhmunicates a bright yellow colour like 
that of urine itself, the liquid is filtered, and the process is repeated until 
the aleohol acquires only a faint yellow colour. To arrive at a point at 
which it would appear quite colourless seemed to me almost impossible. 
The whole of the alcoholic liquid, which in any case is considerable in 
quantity, is now evaporated either spontaneously or at a moderate tem- 
perature. The brown syrupy residue which is left on evaporation is mixed 
with water, which leaves undissolved a quantity of dark-brown semifluid 
fatty matter to be separated by filtration. he liquid, which has a yellow 
colour, contains in solution a crystallized organic substance, the occurrence 
of which in urine has not hitherto been observed. It also contains, pro- 
vided the evaporation of the alcoholic liquid was conducted spontaneously, 
a quantity of indican; for on the addition of sulphuric or hydrochloric 
acid, it deposits flocks of indigo-blue—a reaction which, however, ceases to 
be produced after the solution has stood for some time in a warm place. 
Its colour is mainly due to the ordinary extractive matters of urine which 
it contains. 

The fatty matter which is left undissolved by the water has a dark-brown 
colour and a strongly urinous odour. In order to purify it, it is dissolved in 
alcohol, and the filtered liquid is evaporated. The residual fatty mass is 
pressed between blotting-paper, in order to absorb as much as possible the 
more fluid portion, and it is then redissolved in alcohol. The alcoholic 
solution is agitated with a little animal charcoal, which deprives it of some 
of its colour, then filtered and evaporated, when it leaves a brownish-yellow 
residue, which still retains some of the odour just referred to, By treat- 
ing it with very dilute spirits this odour, as well as the yellow colour, which 
seem to belong to the same body, are removed, and an almost white solid 
fat is left undissolved*. This may be still further purified by dissolving 
it in a boiling solution of carbonate of potash. The soap, which separates 
on cooling, is filtered off, washed with a solution of carbonate of potash, and 
decomposed with acid. The fatty acid which separates is now quite 


* The filtered alcoholic liquid leaves on evaporation a semifluid, yellow, amorphous 
fatty matter, having a peculiar urinous odour. When heated on platinum-foil this sub- 
stance becomes more fluid, gives off a strong smell like that of burning fat, and then 
burns with a bright flame. It dissolves easily in caustic soda-lye, and the solution 
froths on being boiled. Its alcoholic solution is yellow, reddens litmus-paper more 
strongly than the solution of the crystalline acid, and gives with acetate of lead a dirty- 
yellow flocculent precipitate, which is somewhat soluble in alcohol, since the liquid, 
when boiled and filtered boiling hot, deposits a quantity of white crystalline grains 
accompanied by a few thin prismatic crystals, 
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colourless. After being washed it is dissolved in alechei. On spontaneous 
evaporation the solution leaves a perfectly white crystalline residue con- 
sisting of the acid in a state of purity. 

As thus prepared, the substance has all the properties characteristic of 
the group of fatty acids to which palmitic and stearic acid belong. It is 
white, has a pearly lustre and a crystalline appearance, and when viewed 
under the microscope is seen to consist of small star-shaped masses. From 
a solution in boiling dilute spirits it is deposited, on the solution cooling, in 
shining scales. The alcoholic solution reddens litmus-paper slightly ; it - 
floats on the surface of water, which it repels like all other fats. When 
the water is heated, it melts into oily drops, which on cooling become solid 
and crystalline. Its melting-point, as determined with an apparently pure 
specimen, is 54°°3 C. When impure, ¢. e. contaminated with the body 
which imparts the brownish-yellow colour to the crude product, it fuses at 
a lower temperature. A specimen only slightly coloured melted at 52°°8 C., 
another at 49°-5 C. »When heated between two watch-glasses, the acid 
fuses and is then volatilized, leaving only a trace of residue, while there is 
formed on the upper glass an oily sublimate, which on cooling becomes 
solid and glassy. This sublimate dissolves easily in alcohol, and the solu- 
tion leaves on spontaneous evaporation a white crystalline residue consist- 
ing of needles arranged in star-shaped or feather-like masses. The sub- 
stance dissolves as easily in ether as in alcohol, and the solution leaves on 
evaporation a white crystalline mass. It is easily soluble in boilmg dilute 
caustic potash and soda-lye, as well as in aqueous ammonia; these solu- 
tions froth on being boiled like those.of ordinary soap. ‘The solution in 
potash deposits on cooling a quantity of white pearly scales, which settle 
slowly to the bottom of the vessel. The soda compound separates in the 
form of a thick, white, amorphous soap, a very small quantity of which is 
sufficient to cause the liquid to gelatinize on cooling. The ammoniacal 
solution deposits on cooling a quantity of scales, which resemble the 
potash compound, together with a few crystalline needles. Boiling solu- 
tions of carbonate of potash and carbonate of soda also dissolve the acid 
readily. When the residue left by evaporating the solution in carbonate — 
of potash to dryness is treated with boiling absolute alcohol, an alcoholic 
solution of the potash-soap is obtained, which, after being filtered from 
the excess of carbonate of potash and spontaneously evaporated, leaves a 
residue consisting partly of isolated prismatic crystals, partly of star-shaped 
masses. ‘The soda compound may in the same manner be obtained in a 
crystalline state. The alcoholic solution of either of these compounds gives 
with acetate of baryta a white crystalline deposit. A watery solution gives 
with nitrate of silver a white, curd-like precipitate, which blackens slowly 
on exposure to the light. ‘The ammoniacal solution of the acid produces, 
with the chlorides of barium and calcium, white, flocculent precipitates, 
which do not become crystalline on standing. The alcoholic solution yields 
with acetate of lead, an abundant white amorphous precipitate. 
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These experiments lead to the conclusion that human urine contains in 
a state of solution a crystalline fatty acid, having the general properties of 
the members of this class, which are solid at the ordinary temperature. 
The quantity of this substance which I obtained was too inconsiderable to 
enable me to determine its composition, and the melting-point therefore 
afforded the only means of ascertaining whether it is identical with any of 
the known fatty acids or not. Were it not for the low melting-point there 
would be nothing to oppose the conclusion that it is palmitic acid, one of the 
constituents of human fat. It is, however, a well-known fact that mixtures 
of two solid fatty acids in certain proportions melt at a lower temperature 
than the most fusible even of the constituents. For instance, according 
to Heintz, a mixture of 30 parts of stearic acid with 70 of palmitic acid 
fuses at 55°1C., though the melting-point of the former when pure is 
70° and of the latter 60°. This urimary acid may therefore be a mixture 
of this kind and not a peculiar substance—ain fact a mixture of the two 
acids just named, which, according to recent investigations, constitute 
together what was formerly called margaric acid, the solid acid of human 
fat. 

Considering how many of the organs and secretions of the human body 
contain fat, it need not excite surprise that a minute quantity of fatty acid 
should be found in urine also, in consequence of deficient oxidation or 
from other causes. That it forms a normal constituent of the secretion 
I do not venture to assert, though the urine employed in my experiments 
in no case exhibited anything peculiar, and when submitted to the process 
above described, never failed to yield a little of the fatty acid. The quan- 
tity obtained was always extremely small. In one experiment, for instance, 
45 litres of urine yielded 0°14 grm. of tolerably pure acid, which, assuming 
the urine to have been of average composition, would be equal to the 
22000th part of its solid constituents. [t is far from certain, however, that 
this was the total quantity contained in it. The simple method of sepa- 
rating the substance from the urine which I have described will enable 
pathologists to determine whether in cases of disease its quantity is sensibly 
increased. 

The question how this fatty acid, which belongs to a class of bodies 
almost insoluble in water, comes to be dissolved in urine will naturally 
sugeest itself, but it is one to which it is difficult to find a satisfactory reply. 
Whether urine is capable of dissolving a small quantity of the acid itself, 
whether the latter is contained in it in combination with some base, the 
compound being soluble in water but not decomposable by the weak acids 
of the urine, or whether, as there seems reason to suspect, the extractive 
matters promote the solubility of the fatty acid in water, are points on 
which I express no opinion. That the animal charcoal, when used in 
the manner above described, effects not a mere filtration, but an actual 
separation of some of the constituents of urine, may be considered as quite 


certain. 
Liz 


140 Mr. E. Schunck on Oxalurate of — [ Recess, 


IV. “On Oxalurate of Ammonia as a Constituent of Human Urine.” 
By Hpwarp Scuuncg, F.R.S. Received November 15, 1866*. 


When urine is allowed to percolate through animal charcoal in the 
manner described in the preceding Paper, several organic substances are 
absorbed and separated by the charcoal in addition to the fatty acid there 
referred to. The liquid obtained by treating the charcoal with boiling 
alcohol yields on evaporation a syrupy residue, of which a great part dis- 
solves in water, the fatty acid being left undissolved. The filtered liquid 
ou being again evaporated leaves a brown syrup, among which a quantity 
of yellowish crystals is formed on standing. On treating the mass with 
cold alcohol, the syrupy portion, consisting of urinary extractive matter, is 
removed, the crystals being left undissolved. The latter are filtered off, 
washed with alcohol, and then dissolved in boiling water. The solution, 
which has a slightly yellow colour, is evaporated to a small volume, and 
the crystals, which separate on standing, are pressed between blotting-paper 
and then dissolved in a little boiling water to which a small quantity of 
animal charcoal is added. ‘The filtered solution, if tolerably concentrated, 
becomes on cooling almost solid, from the formation of a quantity of white 
crystalline needles, which, after the liquid has been drained off, only re- 
quire drying. The substance as thus prepared consists of pure oxalurate 
of ammonia, since it is found to possess both the properties and the com- 
position of that salt, as I shall now proceed to show. 

The crystals of which it consists are mostly small, and exhibit, even when 
magnified, few well-defined forms. When a few drops of the watery solu- 
tion are allowed to evaporate spontaneously on a slip of glass, the residue, 
when viewed under the microscope, is found to consist mainly of groups of 
crystals arranged round centres in various irregular forms, the larger ones 
being composed of prisms, which are acuminated, jagged at the edges, and 
transversely striated, the smaller ones of needles arranged in star-shaped, 
double fan-shaped, or circular masses. Occasionally isolated crystals are 
seen, having the form of rhombic plates, some of which have two of their 
opposite angles truncated. I have not yet had an epportunity of compa- 
ring these forms with those exhibited by the oxalurate of ammonia obtained 
directly from uric acid. The substance is tolerably soluble in boiling 
water, but very slightly soluble in boiling alcohol, the little which dis- 
solves in the latter being deposited, on the solution cooling, in fine needles 
arranged in stars. The watery solution is neutral to test-paper; but on al- 
lowing a drop to fall on blue litmus-paper, and exposing the latter to the 
air for some hours, the spot will appear quite red. The watery sclution, on 
being mixed with hydrochloric or nitric acid, yields a white crystalline de- 
posit (oxaluric acid), which, on being left in contact with the acid liquid, gra- 
dually disappears. If nitric acid has been employed and the solution, after 


* Read November 15, 1866: see Abstract, vol. xv. p. 259, 
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the deposit has dissolved, be spontaneously evaporated, a mass of crystals is 
left, some of which have the well-known form of nitrate of urea, while the 
others are prismatic, and. consist doubtless of oxalic acid. If the solution, 
after the addition of any strong acid, be boiled, oxalic acid may after a few 
moments be detected in it. The watery solution gives no precipitate with 
chloride of calcium, not even on the addition of ammonia; but on boiling, 
an abundant precipitation of oxalate of lime takes place. If a tolerably con- 
centrated solution be mixed with chloride of calcium and left to stand, it - 
deposits after some time a quantity of prismatic lustrous crystals, consisting 
doubtless of oxalurate of lime. The watery solution gives no immediate pre- 
cipitate with nitrate of silver; but after a few moments it begins to deposit 
white crystalline needles, which, if the solution was concentrated, increase to 
such an extent as to fill the whole liquid. These needles are silky in ap- 
pearance, and do not blacken on exposure to the light, but only become 
slightly yellow; they dissolve easily in ammonia, but no reduction takes 
place on boiling the solution. The watery solution of the substance gives 
with acetate of lead a copious crystalline deposit, and if this be filtered off, the 
solution yields on standing a crop of small lustrous crystals. These crystals, 
when examined under the microscope, are found to have very regular forms, 
consisting of elongated four-sided prisms, with six terminal faces. Whether 
this form is the same as that of the oxalurate of lead, prepared with acid 
obtained from the usual source, I cannot say, as I have been unable to find 
any description of the salt in the books. ‘The watery solution gives no 
precipitate with perchloride of mercury ; but on the addition of chloride of 
zine it deposits after some time a quantity of white, hard crystalline grains, 
which, after being filtered off and washed, are found to contain no chlorine, 
and on being heated, melt and burn, leaving a white residue of oxide of 
zine. If the substance is dissolved in dilute hydrochloric acid, and the 
solution, after the addition of bichloride of platinum, is evaporated to 
dryness, the residue on being treated with cold alcohol dissolves partly, a 
quantity of shining yellow crystals, consisting of chloride of platinum and 
ammonium, being left undissolved. 

Such are the principal reactions of this substance. Its analysis yielded 
the following results :— 

0°6230 grm. lost, on being heated for several hours in the water-bath, 
0:0030 grm., or 0°48 per cent., a loss too trifling to be attributed to any- 
thing but hygroscopic moisture. 

0°3565 grm. of the dry substance gaye 0°3150 grm. carbonic acid and 
01615 grm. water. 

0°2605 grm., burnt with soda-lime, gave 1°1425 grm. chloride of platinum 
and ammonium. 

These numbers lead to the formula C, H, N, O,, which is that of oxa- 
lurate of ammonia, and requires 
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Calculation. Experiment. 
be ae See 
Coe ee 36 24°16 24°09 
Fhe widen if 4°70 | 5°03 
No eee 42 28°19 27°94 
Oe ee ee 64 42°95 43°34 
149 100°00 100°00 


It is therefore certain that the substance obtained by this process is 
oxalurate of ammonia. These experiments, however, by no means decide 
the question whether the oxaluric acid exists originally in a free or com- 
bined state, since most chemists deny the presence of ready-formed am- 
monia in urine; and it is quite possible that in my experiments a sufficient 
quantity of ammonia was formed by the decomposition of urea to saturate 
the oxaluric acid present. Still I incline to the opinion that the ammonia- 
salt preexisted in the urine examined, since there were no perceptible indi- 
cations of decompesition during the percolation of the ure through animal 
charcoal, a process, indeed, which would rather tend to prevent decompe- 
sition than to promote it. The acid reaction of the urine might be urged 
as an objection to this view; but, on the other hand, it may safely be 
asserted that we are still in the dark as to the cause of the acid reaction of 
urine, which may be due to an acid or acids much weaker than oxaluric. 

Whether oxaluric acid, either free or combined, is a normal constituent 
of human urine or not, is a question which may also be raised; but it is 
one to which I am unable to give a decided reply, as my experiments are 
not suificiently numerous for the purpose. I may venture, however, to 
express my opinion that this acid will be found to be a constituent of the 
healthy secretion*. The presence of oxaluric acid in urine had been pre- 
viously suspected, since the dumb-bell crystals occasionally found among 
the deposits of oxalate of lime are supposed, by Golding Bird and others, 
to consist of oxalurate of lime, though the evidence on which this 
opinion is founded is unsatisfactory, and has been refuted by other obser- 
vers. 

On the other hand, there can be no doubt that the presence of oxaluric 
acid or its compounds in urine, whether it be an exceptional phenomenon 
or not, serves to explain, in an easy and satisfactory manner, the formation 


* Tn a mixture, or any impure product supposed to contain oxalurie acid, I would 
recommend its detection in the following manner :—The matter,.1f soluble, should be 
dissolved in water ; but if it is insoluble, in consequence of the presence of some base, a 
little sulphuric acid should be added to set at liberty the oxaluric acid, after which the 
solution should be mixed with acetate of lead; and if any precipitate is thereby pro- 
duced, this must be filtered off and the liquid lett to stand, when it deposits small 
shining crystals if oxaluric acid is present. The residue obtained by evaporation of 
the mother-liquid of creatine, obtained from urine in the usual manner by means of 
chloride of zinc, gave, when treated in this way, crystals which could not be distinguished 
by their form from oxalurate of lead. Oxalurate of silver, distinctly crystallized, can 
only be obtained from perfectly pure oxaluric acid, 
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of oxalate of lime so often taking place in the secretion. The appearance 
of oxalate of lime as a deposit from urine long after its emission has 
hitherto been a puzzling phenomenon, and the most improbable hypotheses 
have been resorted to in order to explain it. It has, for instance, been 
assumed that there exists in the animal economy a tendency to the forma- 
tion of a soluble triple compound of oxalic acid, lime, and albumen, which, 
by its decomposition, allows oxalate of lime to crystallize. ‘Then it has 
been maintained by Rees that uric acid and the urates furnish oxalic acid 
when the urine containing them is simply heated or boiled; though this 
statement is questioned by other observers, and it is certain that under 
ordinary circumstances the conversion of one into the other can only be 
effected by means of very powerful oxidizing agents such as nitric acid. 
The attempts which have been made to prove that oxalate of lime may 
exist ready formed and in a state of solution in the urine are also unsatis- 
factory, the only known solvent likely to occur naturally being acid phos- 
phate of soda. Were this salt really the means of keeping the oxalate 
dissolved, the latter would only be deposited when the acid reaction of the 
urine had disappeared, or had at least somewhat diminished, which is not 
the case. Now, however, the whole process may be easily explained. 
Oxalurie acid, as all chemists know, may be considered as a compound of 
oxalic acid and urea minus water, its composition corresponding to that of 
oxamic acid. By the action of acids, alkalies, or even water at a high 
temperature, it is decomposed, yielding oxalic acid and urea. How easily 
this process of decomposition may be set up in urine when allowed to 
stand, or even boiled, need not be pointed out. The oxalic acid as soon as 
formed combines, of*course, with the lime which is always present in urine, 
producing the well-known deposit of oxalate. Those who maintain, with 
Rees, that oxalate of lime may be produced ia the urine after excretion are 
therefore quite correct, though the phenomenon has hitherto been wrongly 
interpreted. The conversion of cxaluric into oxalic acid may, however, 
commence already in the bladder, or even more remote parts of the system, 
and thus lead to the formation of concretions and calculi. Regarding the 
origin of the oxaluric acid of urine there can be little doubt. In the animal 
frame, just as in the laboratory, 1t must be formed by the oxidation of uric 
acid, which is its only known source; it may be considered as the vehicle ap- 
pointed by nature for getting rid of oxalic acid in the least injurious form. 
Were this acid excreted as such, it would, by combining with lime, produce 
serious results, which are prevented by the simple expedient of causing it to 
pass off in a state of intimate union with urea. 
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CoMMUNICATIONS RECEIVED SINCE THE END OF THE SESSION. 


I. “On a New Class of Bodies Homologous to Hydrocyanic Acid.”— 
J. By A. W. Hormann, LL.D., F.R.S. Received August 20, 1867. 


The typical transformation which hydrocyanic acid undergoes when sub- 
mitted, under appropriate circumstances, to the action of water, is capable 
of assuming two different forms when accomplished in its homologues. 

If the hydrocyanic molecule be found to fix the elements of two mole- 
cules of water, yielding ultimately formic acid and ammonia, it is obvious 
that the atom group which in the homologues of hydrocyanic acid we as- 
sume in the place of hydrogen may be eliminated when these homologues 
are decomposed by water in conjunction either with formic acid or with 
ammonia. To take an example :—When acting with water upon the sim- 
plest homologue of hydrocyanic acid (upon cyanide of methyl), we may ex- 
pect to see the methyl-group separating either in the form of methyl-formie, 
i. e. acetic acid, or in the form of methyl-ammonia, 7. e. of methylamine. 
The difference of the two reactions and their relation to the metamorphosis 
of hydrocyanic acid itself are exhibited by the following equations :— 


CHN” 2\ oP = VCH Or arme 
ot eee PES Ra 

Prussic acid. Formic acid. 

1. (CHWs Or, OW =) AeaO wee 
ee) ce ae as, 

Cyanide of Methylformic 
methyl a. (acetic) acid. 

Pn. Coil Nivct al2 ETS Osa BLO, ais 4 SL 
ue —_ ————— sd 
Cyanide of Formic Methylamine. 
methyl f. acid. 


The former one of these processes of transformation is familiar to che- 
mists from the study of the hydrocyanic ethers or nitriles. The first mem- 
ber of this remarkable group of bodies (cyanide of ethyl) was discovered by 
Pelouze; the general character of their transformation was subsequently 
established by the beautiful investigations of Kolbe and Frankland on the 
one hand, and by those of Dumas, Malaguti, and Le Blanc on the other. 

Researches in which I have been engaged during the last few weeks have 
proved that the second precess of transformation does not less frequently 
occur. Indeed I have found that there corresponds to each of the hydro- 
cyanic ethers or nitriles known hitherto, a second body of precisely the 
same composition but of absolutely different properties. These substances, 
when changed by water, undergo the transformation which is exhibited by 
the last one of the three above equations. 

A happy experiment has led me to the discovery of this new class of 
bodies. In a lecture I wanted to exhibit the interesting transformation of 
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ammonia into prussic acid by means of chloroform, which was first observed 
by M. Cloez, and which illustrates so well our present views on quantiva- 
lence. When the two substances alone are allowed to act upon one another, 
this reaction can be rapidly accomplished only at a high temperature and 
consequently under pressure. In order to shorten the process (in one word, 
in order to exhibit this important reaction in a lecture-experiment), I had 
added potash to the mixture for the purpose of fixing the newly formed 
prussic acid, and was delighted to find that a few seconds’ ebullition was 
sufficient to yield a considerable amount of cyanide of potassium, so as to 
furnish, after the addition of the two salts of iron, a large quantity of Prus- 
sian blue. On subsequently repeating the experiment with some of the de- 
rivatives of ammonia, more especially with several primary monamines, I 
was astonished to observe in each case a powerful reaction giving rise to the 
evolution of vapours of an almost overwhelming odour, strongly recalling 
that of prussic acid. But few experiments were necessary for the purpose 
of isolating the odoriferous bodies. The compounds thus formed are the 
substances isomeric with the hydrocyanic ethers or nitriles hitherto ex- 
amined. 

From the host of bodies which were thus suddenly thrown into view, it 
was necessary to single out the compound of a particular series in order to 
determine by accurate experiments the nature of the new reaction. The 
facility of procuring the necessary material, as well as old predilections, 
suggested the phenyl-series as the one to be examined in the first place. 
I beg leave to submit to the Royal Society a brief account of the mode of 
preparation, and of the principal properties, of the new derivative of aniline. 


Cyanide of Phenyl. 

A mixture of aniline, chloroform, and alcoholic potash yields on distillation 
a liquid of a powerfully aromatic but, at the same time, hydrocyanic-acid- 
like odour. ‘The vapour of the liquid gives rise to a peculiar bitter taste, 
and causes, moreover, in the throat the suffocating sensation so characteristic 
of hydrocyanic acid. On redistilling the liquid, alcohol and water pass 
first, and ultimately an oily body is procured, which, in addition to the 
smelling substance, still contains a large amount of aniline. The latter is 
separated by oxalic acid, when the powerfully smelling compound remains 
in the form of a brownish oil. Freed from water by hydrate of potassium 
and purified by distillation, the new body presents itself as a mobile liquid, 
exhibiting a greenish colour in transmitted, and a beautifully blue colour 
in reflected ight. This colour does not disappear by distillation even in a 
current of hydrogen. 

The analysis of the blue oil has established the formula 
C,H,N. 
The compound is thus seen to he isomeric with benzonitrile, discovered by 
Fehling, from which it differs, however, in all its properties. In order to 
distinguish the new compound from benzonitrile I will call it cyanide of 
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phenyl, without intending, however, by selecting this name, to express any 
particular view as to its constitution. The formation of cyanide of phenyl 
is represented by the following equation :— 
C,H,N + CHCl, = C,H,N + 3HCl. 
——y—~ ys 
Aniline, Chloroform. Cyanide of 
phenyl. 

Cyanide of phenyl cannot be volatilized without undergoing decompo- 
sition. During distillation the thermometer marks for some time the con- 
stant temperature of 167°, which may be taken as the boiling-point of © 
cyanide of phenyl. Then the temperature rises rapidly to from 220° to 
230°. The brown liquid which now distils is destitute of odour, and soli- 
difies on cooling to.a crystalline mass, easily purified by solution in alcohol, 
but not yet more minutely examined. Cyanide of pheny] is remarkable for 
the facility with which it combines with other cyanides. The compound 
with cyanide of silver is particularly beautiful. The behaviour of cyanide 
of phenyl with acids is more especially characteristic. Scarcely changed 
by the action of alkalies, it cannot be left in contact even with moderately 
dilute acids without undergoing alteration. When submitted to the action 
of concentrated acids, the liquid bursts into ebullition, and the solution, 
after cooling, contains only formic acid and aniline. 


6, H, N, 4. 2H,0,=, CH,0,, 21a 


Sey uUu— je ——249 
Cyanide of Formic Aniline. 
phenyl. acid. 


Benzonitrile, isomeric with cyanide of phenyl, is known to be slowly 
attacked by acids, but to be rapidly transformed by alkalies into benzoic 
acid and ammonia. 

C,H,N + 2H,0 = C,H,O, + H,N. 
—— — U«~--— 
Benzonitrile. Benzoic acid. 

The transformation of beuzcnitrile into benzoate of ammonium, as, indeed, 
the transformation of the nitriles into the ammonium-salts of the respective 
acids generally, is not accomplished in one single bound. By fixing only 
one molecule of water, benzonitrile is first converted into benzamide, 

S— u—,-—— 
Benzonitrile. Benzamide. 

Nor is the corresponding term of the isomeric series wanting. This sub- 

stance has long been known as phenyl-formamide or formanilide, 


C,H,N + H,O = C,H,NO 


L—,— a cS 
Cyanide of . Phenyl: 
phenyl. formamide. 


But, in addition to phenyl-formamide, there figures in this series a second 
intermediate compound, the analogue of which among the derivatives of 
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benzonitrile is not yet perfectly known*. This compound is the well-defined 
base which some time ago I described as methenyldiphenyldiamine, and 
which may be looked upon as. formed by the association of a molecule of 
cyanide of phenyl! with a molecule of aniline. The successive changes which 
cyanide of phenyl undergoes when submitted to the influence of water are 
thus exhibited by the following series of equations :— 


C7 o,N, 7: 928,00) = OH,0,'.+ ©, 0,,N, 
ue~— 

2 mols. cyanide Formic acid. Methenyidi- 
of phenyl. phenyldiamine.. 
iN, 2 nO = CHNO'# C:H,N 

Cone Sees) 
Methenyldi- Phenyl- Aniline. 
phenyldiamine. formamide. 
OO kG = CO, 4C, HN 
a) ee ree, 
Phenyl- Formic Aniline. 
formamide. acid. 


A glance at these formule: shows that the metamorphosis of phenylic 
cyanide is perfectly analogous to that of phenylic cyanate, which I have 
studied at an earlier date. 


C,H,,N,0, + 2H,0 = CH, + 04Hi,N,O 
—-—-_+-——_—— a) —-——_~--- ——" 
2 mols. cyanate Carbonic Diphenyl-urea. 
of phenyl. hydrate. 
Pee Neo HeO.2 “ CLE NO, <2 Opn 
Diphenyl-urea. -- Anhydrous car- Aniline. 
bonate of aniline. 
Sony Ho = CHO, 4. C HN 
Anhydrous car- Carbonic Aniline. 
bonate of aniline. hydrate. 


In conclusion, I may state that I have submitted ethylamine, amylamine, 
and toluidine to the action of chloroform. ‘The phenomena are, as might 
have been expected, perfectly analogous. Indeed the application of the 
new reaction to the different classes of the ammonia derivatives, to the 
amides, to the diamines and triamines, and perhaps even to some of the na- 
tural alkaloids, promises a rich harvest of results. Should I have the good 
fortune of gathering some of these, I shall not fail to present them to the 
Society, which has so generously encouraged and assisted my earlier re- 
searches in the field of organic chemistry. 

* Shortly before his death, Gerhardt was engaged in experiments on the action of 
pentachloride of phosphorus on the amides, a brief account of which was subsequently 
published by M. Cahours. Among other substances, I find that, by acting with penta- 
chloride of phosphorus upon benzanilide, Gerhardt obtained a chloride, C,, H,, NCI, 
which yields with ammoniaa crystalline substance. It can scarcely be doubted that this 


compound is the derivative of benzonitrile corresponding to methenyldiphenyldiamine, 
C,,H,,NCl+H,N=C,, H,,N, +HCl 
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II. “On a NewSeries of Bodies Homologous to Hydrocyanic Acid.”— 
II. ByA.W. Hormann, LL.D., F.R.S. Received August 31, 1867. 


In a letter submitted to the Royal Society some weeks ago I directed 
attention to a new series of homologues and analogues of hydrocyanie acid, 
generated by the action of chloroform on the primary monamines. Asa 
representative of this group of bodies, I described the cyanide of phenyl, 
the formation and the properties of which had been almost exclusively the 
subject of my researches. 

T have followed up the study of these new bodies, which have become 
more and more attractive to me in proportion as I investigated their nature. 
Being formed in a well-defined reaction, endowed with properties quite 
unexpected, stable in certain cases, and of extreme alterability in others, 
capable of the most varied reactions that can be imagined, these bodies 
possess all the characters which invite a detailed examination. Thus I 
find myself at the threshhold of a long investigation, the results of 
which I beg permission to submit to the Royal Society in the order in 
which they present themselves. 

Cyanide of Ethyl. 

After having fixed in the phenylic group the general characters of the 
reaction, my attention was very naturally directed to the ethylic series. 
For this purpose, it was first necessary to procure ethylamine in rather 
considerable quantities. Happily in this case the liberal cooperation, so 
often experienced, of my friend Mr. E. C. Nicholson, was again at hand. 
Interesting himself with a cordiality, for which I cannot sufficiently thank 
him, in the continuation of my researches on the ethylic bases, Mr. 
Nicholson had placed at my disposal the product of the action of ammonia 
on iodide of ethyl produced in a single operation performed in one of his 
great autoclaves on 20 kilogs. of icdide of ethyl. 

Thanks to the happy alliance between science and industry, which cha- 
racterizes our times, I was thus enabled to study the transformation of 
ethylemine under the influence of chloroform on a rather large scale. 

On gradually introducing a mixture of an alcoholic solution of ethyl- 
amine and chloroform into a retort containing powdered potassic hydrate, a 
most powerful reaction takes place; the mixture enters into ebullition, and 
aliquid distils over, the penetrating odour of which surpasses anything that 
it is possible to conceive. Besides the odoriferous body the product of the 
distillation contains ethylamine, chloroform, alcohol, and water, and a con- 
siderable number of rectifications are required in order to isolate the cyanide 
of ethyl from this mixture. 

As the substance is rather volatile, the frequently repeated fractional 
distillations become a most painful operation, and more than once, while I 
have been engaged in these experiments, my laboratory has been almost 
inaccessible. Thus with a temperature of 30° I have found it desirable to 
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interrupt for the time the preparation in the pure state of the cyanide of 
ethyl, and to resume it at a more favourable season. 

I was nevertheless curious to study, even now, a true homologue of 
cyanide of ethyl in order to compare its properties with those of cyanide of 
phenyl. The boiling-points of the amylic compounds being within con- 
venient limits, I was induced to select the amyl-series as presenting the 
greatest chance of success. 

On submitting amylamine to the action of chloroform, the same pheno- 
mena are observed as in the analogous reaction between chloroform and 
aniline. One molecule of amylamine and one molecule of chloroform con- 
tain the elements of one molecule of cyanide of amyl and three of hydro- 
chloric acid :— 


WAERIN yl Ao oOHOls: = aC eELNi ieee 03 HOI, 
Se Sa 
Amylamine. Chloroform. Cyanide of amy]. 


The cyanide of amyl is a transparent colourless liquid lighter than water, 
insoluble in water, but dissolved by alcohol and ether, of an oppressive odour, 
resembling at the same time that of amylic alcohol and of hydrocyanic acid. 
Its vapour possesses, in a still higher degree than that of the cyanide of 
phenyl, the property of producing on the tongue an insupportably bitter 
taste, and of giving rise in the throat to the sensation of suffocation, so 
characteristic of hydrocyanic acid. 

The cyanide of amyl may be distilled without decomposition. It boils 
at 137° C., that is, at a temperature 8° lower than the boiling-point of its 
isomer, capronitrile. It will be remembered that the boiling-poimt of 
cyanide of phenyl is lower than that of benzonitrile. 

Under the influence of alkalies and acids, the cyanide of amyl behaves in 
» the same manner as the phenylic cyanide. Though only slightly attacked 
by alkalies, it is decomposed by acids with a violence which is almost ex- 
plosive ; ; a short ebullition with water is SETS SE | to transform it into for- 
mic acid and amylamine ;:— 


Co No 210? = cH 0, *e-BeN. 
—-—-+-_—— n-— +-—-— —-—1~--—_— 
Cyanide of amyl. Formic acid. Amylamine. 


In order to fix this equation by numbers, I have carried out the reaction 
by means of dilute sulphuric acid. The formic acid was then distilled off 
and transformed into a sodium-salt, and analyzed as formate of silver; the 
residue in the retort furnished, on addition of an alkali, amylamine in 
considerable quantities. It was identified with that obtained from cyanate 
of amyl, both by the determination of its boiling-point and by the analysis 
of the platinum-salt. 

The transformation of the cyanide of amyl, like that of the cyanide of 
phenyl, does not take place at a single step ; intermediate combinations 
corresponding to methenyldiphenyldiamine and to phenylformamide are 
produced, but I have not yet obtained them in a state of purity. 


150 Dr. Hofmann on a New Series of Bodies [Recess, 


I have designated the body described in this note by the name of cyanide 
of amyl; I am of course aware that the same name has been given to the 
substance produced by the action of cyanide of potassium on the sulph- 
amylates; but as the latter compound, in consequence of its transformation 
into caproic acid and ammonia, has a right to the name capronitrile, I have 
thought it desirable to distinguish, provisionally at least, the new product 
by the name of cyanide of amyl. 

The examination of the cyanides of amyl and phenyl establishes in a 
positive manner the existence of a group of bodies isomeric with the nitriles 
derived from the ordinary alcohols and phenols. 

IT have not as yet pursued more minutely the study of the other terms of 
these groups; in fact the field opened by these new observations presents 
questions much more attractive. The existence of the new homologues of 
hydrocyanic acid allow us to foresee the formation of quite another series 
of homologues of cyanogen. These bodies will be produced by the action 
of chloroform on the diamimes. Hthylene-diamine, for example, will thus 
be transformed into the dicyanide of ethylene ;— 


C)H,N, 4 OCMC, => OFAN) «p< SE 
———-——" — ——+,-— 
Ethylene- Chloroform. Dicyanide of 
diamine. ethylene. 


I am now occupied with the study of the action of chloroform on ethy- 
lene-diamine, and I propose shortly to inform the Royal Society whether 
experiment confirms the predictions of theory. 


III. “On a New Series of Bodies Homologous to Hydrecyanie Acid.”— 
II. By A.W. Hormann, LL.D., F.R.S. Received September 
7, 1867. 

The new cyanides isomeric with the nitriles, which I have described in 
two previous communications, are not formed exclusively by the action 
of chloroform on the primary monamines. On perusing the papers de- 
scribing the examination of the organic cyanides, we see at a glance that 
the chemists who investigated them have had in their hands at the same 
time the isomeric cyanides with which I am engaged. 

In fact everyone who has distilled mixtures of sulphomethylate, sulph- 
ethylate, or sulphamylate of potassium with the cyanide of the same 
metal, will remember the repulsive odcur possessed by the products so ob- 
tained. This odour only disappears in proportion as the product is puri- 
fied, and especially after its treatment with acid, in order to remove the 
ammonia, and with oxide of mereury to separate the hydrocyanic acid. 

Dumas, Malaguti, and Le Blane, in their-researches on the nitriles, men- 
tion the insupportable odour possessed by the cyanides obtained by the 
cyanide-of-potassium process; while the products obtained by the dehydra- 
tion of the ammoniacal salts by means of phosphoric anhydride have a very 
agreeable aromatic odour. 
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In a research made by Mr. Buckton and myself on the transformations 
of the amides and nitriles under the influence of sulphuric acid, we re- 
peatedly had occasion to prepare acctonitrile (cyanide of methyl) and 
propionitrile (cyanide of ethyl) by the distillation of a sulphomethyiate or 
sulphethylate with cyanide of potassium. In our paper we mention sub- 
stances of a formidable odour which appeared in these reactions, and we 
describe the efforts we made in order to isolate them. But as they are only 
formed in small quantity, we had to give up the attempt. 

Mr. E. Mever*, who has also been occupied with cyanide of ethyl, but who 
employed another method of preparation, encountered the same bodies. By 
acting on cyanide of silver with iodide of ethyl in sealed tubes, he obtained, 
together with iodide of silver, an unstable compound of cyanide of silver 
and cyanide of ethyl; and there was formed in the same reaction a liquid 
of an overwhelming odour. ‘This latter, on distillation, presented the cha- 
racters of a mixture from which it was impossible to isolate a product with 
a constant boiling-point. When treated with an acid the odour disappeared, 
and the solution contained ethylamine which was identified by the analysis 
of the platinum-salt. These are certainly the characters of the cyanides 
formed by the action of chloroform on the primary monamines ; and it can- 
not be doubted that Mr. Meyer has had in his hands the ethyl-term of the 
series of cyanides which I am studying, both in the combination with cya- 
nide of silver and in the complex liquid which accompanied it. 

If such results did not particularly attract the attention of chemists, 
it was owing to the fact that the author failed in aseertaining the comple- 
mentary product of ethylamine, namely, formic acid. Mr. Meyer, besides, 
states that his research remained unfinished ; and thus it will be under- 
stood how experiments otherwise so carefully carried out should have fallen 
into an oblivion from which neither the author nor any other chemist has 
endeavoured to recal them during the many years which have elapsed since 
their publication. 

In consequence of the examination of the bodies produced by the action 
of chloroform on the primary monamines, these old experiments have ac- 
quired a new interest; and it appeared to me, for more than one reason, 
that it would be desirable to repeat them, making use of the experience 
gained by my late researches. 

For this purpose I have submitted cyanide of silver to the action of 
several organic iodides. 

The icdides of methyl and ethyl act very slowly on cyanide of silver at 
the ordinary temperature ; but the reaction takes place at the temperature 
of boiling water. 

After a digestion of about ten hours, the transformation is complete; a 
brown solid matter is formed, having the appearance of paracyanogen, to- 
gether with a yellowish oily layer possessing in a marked manner the odour 
of the isomers of the nitriles. 


* Journal fiir praktische Chemie, vol. Ixvii. p. 147. 
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As several preliminary experiments gave indications of a rather com- 
plicated reaction, and as it would have been difficult for me readily to 
obtain sufficient substance by operating in sealed tubes, I performed the 
experiment in the amylic series, supposing that the higher boiling-point 
of the iodide of amyl would render it more easy of attack. My expectation 
_was indeed fulfilled: two molecules of cyanide of silver and one molecule 
of iodide of amyl act on one another with extreme violence at the boilmg- 
point of the latter. It is convenient to operate on a moderate scale, so as 
to be carefully protected from the escaping gases, which consist of ena 
volumes of amylene and hydrocyanic acid, mixed with a small qe of the 
cyanide of amyl. 

The experiment was made in a retort adapted to the lower end of a 
condenser, the upper end of which was connected with a series of wash- 
ing-bottles. In the first a small quantity of cyanide of amyl was con- 
densed; the second contained water intended to absorb the hydrocyanic 
acid; the third one water and bromine in order to transform the amylene 
into bromide, of which I was thus enabled to collect a considerable 
quantity during my researches. 

After an hour’s digestion, the reaction is finished, and the residue in 
the retort consists of a dark viscous mass, becoming almost solid on cool- 
ing; this is a mixture of iodide of silver and a combination of cyanide of 
silver and cyanide of amyl. ‘The reaction then takes place according to 
the equation :— 


C,H,I + 2AgCN = Agl + AgCN,C.H,CN. 
S++ OS -——-- ‘— =~" SS 
Iodide of amyl. Cyanide of silver. Compound of cyanide of 


silver and cyanide of amyl. 


But simultaneously a certain quantity of cyanide of amyl splits into amy- 
lene and hydrocyanie acid :— 


Cor, CON = Cail oot Se Eine 
—_ \~———" —_/-— —— 
Cyanide of amyl. Amylene. Hydrocyanic 

acid. 


This secondary transformation depends principally on the manner in which 
the operation is conducted; it may give rise to very great loss if the re- 
action be rather tumultuous. 

It was now necessary to separate the cyanide of amyl from the residue in 
the retort. Up to the present time I have found no cther means of effecting 
this than by submitting the residue to dry distillation ; in this operation a 
further quantity of hydrocyanic acid and amylene is disengaged, and a 
liquid distils over, which on rectification boils between 50° and 200°. By 
submitting it to fractional distillation it was found that the first part still 
contained a quantity of amylene, whilst the latter products had become 
inodorous. ‘The intermediate portion, rectified several times, finally exhi- 
bited a constant boiling-point between 135° and 137°, 


1867.] | Homologous to Hydrocyanic Acid. 153 


The liquid which distils at this temperature is perfectly pure cyanide of 
amyl. It possesses all the properties which I have described in my pre- 
vious communication, and is characterized especially by its odour and by 
the facility with which, under the influence of hydrochloric acid, it splits 
into formic acid and amylamine. I have not yet completely examined the 
products boiling at a higher temperature, but everything seems to show 
that they consist, partly at least, of capronitrile. — 

The experiments which I have just described show, in a positive man- 
ner, that the same bodies can be obtained by the action of chloroform on 
the primary monamines, and by the treatment of cyanide of silver with the 
alcoholic iodides. In the latter process many secondary products are ob- 
tained; but by a more complete study perhaps it may be modified so as 
to diminish their quantity. 

However this may be, the study of the action of the alcoholic iodides upon 
silyer-salts deserves to be resumed; and it is very probable that in many cases 
it will be found that the bodies so produced will be but isomeric with those 
obtained by the ordinary processes. . 

For the special researches in which I am engaged at the present time, the 
observations just described have a particular interest ; they permit us, in 
fact, to produce the isomeric cyanides without first preparing the primary 
monamines ; they are especially important with reference to the generation 
of the polycyanides. The polyamines, in fact, are little, if at all, known 
up to the present, whilst the iodides of methylene and ethylene and iodo- 
form are easy to procure. 

If I have not yet succeeded in preparing a dicyanide of ethylene, 
C,H, N,, isomeric with Mr. Maxwell Simpson’s cyanide, it is because I 
have not had at my disposal a sufficient quantity of ethylene-diamine. I 
now hope to obtain this body by submitting cyanide of silver to the 
action of iodide of ethylene. 

In conclusion, I may be permitted to announce as very probable the ex- 
istence of a series of bodies isomeric with the sulphocyanides. Already 
Mr. Cloez has shown that the action of chloride of cyanogen on ethylate of 
potassium gives rise to the formation of an ethylic cyanate possessing pro- 
perties absolutely different from those belonging to the cyanate discovered 
by Mr. Wurtz. On comparing, on the other hand, the properties of the 
methylic and ethylic sulphocyanides with those of the sulphocyanides of 
allyl and pheny], we can scarcely doubt that we have here the representatives 
of two groups entirely different, and that the terms of the methylic and 
ethylic series, which correspond to oil of mustard and to the sulphocyanide 
of phenyl, still remain to be discovered. Experiments with which I am now 
engaged will show whether these bodies can be obtained by the action of the 
iodides of methyl and ethyl on sulphocyanide of silver. 

I must not conclude this note without expressing my thanks to Messrs. 
Sell and Pinner for the hearty cooperation that they are giving me in 
these researches. 
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iV. “Second Supplementary Paper on the Calculation of the Nume- 
rical Value of KEuler’s Constant.’ By Wuittiam S#anks, 
Houghton-le-Spring, Durham. Communicated by the Rev. 
Professor Pricz, F.R.S. Received August 29, 1867. 


When 7=2000, we have 
l+3+3+...-sdag 
=8'17836 81036 10282 40957 76565 71641 69368 79354 
66740 91251 77402 20409 26320 14205 58039 78429 
87946 27554 87631 136454 
E='57721 56649 01532 86060 65120 90082 40243 10421 59335 
93995 35988 05772 51046 48794 94723 80546 (last term is 


Bee SE ow ee 

24 . 2000" 

Here the 60th decimal place in the value of E is the same when z is 2000 
as it is when z is 1000. 


When n=500, we have in the value of E, 60th , g 
decimal and onwards........ BS 1 53865 48677 &e. 


3 1000, 35 99 5. 2 02455 61942 &e. 
iy 2000: F “ 2 51046 48794 &e. 

By subtracting the first of these ilrer from the| — agsoq 13065 
secon, wreshaveysc «sit. aa: ccithlon asl j 


By subtracting the second from the third, we have 48590 86852 


It is somewhat remarkable that these differences are the same to five 
places of decimals; and it may be observed that the value of E will pro- 
bably be changed and extended very slowly indeed by employing higher 
values of x. The remark in the previous Supplementary Paper*, as to 
being 50000 or even 100000 in order to obtain probably about 100 places 
of decimals in EK, seems, the author now thinks, to be not well founded ; 
and he hesitates even to conjecture what number of terms of the Harmonic 
Progression should be “‘summed”’ to ensure accuracy ia the value of E to 
100 decimals. 


* Proceedings, vol. xv. p. 429. 
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November 21, 1867. 
Lieut.-General SABINE, President, in the Chair. 


In pursuance of the Statutes, notice was given from the Chair of the 
ensuing Anniversary Meeting, and the list of Officers and Council proposed 
for election was read as follows :— 


President.—Lieut.-General Edward Sabine, R.A., D.C.L., LL.D. 
Treasurer.—William Allen Miller, M.D., LL.D. 


oa ( William Sharpey, M.D., LL.D. 
Psa: | George Gabriel Stokes, Esq., M.A., D.C.L., LL.D. 


Foreign Secretary.—Prof. William Hallows Miller, M.A., LL.D. 


Other Members of the Council.—Frederick Augustus Abel, Esq. ; 
William Benjamin Carpenter, M.D.; Prof. A. Cayley, LL.D.; Jacob 
Lockhart Clarke, Esq. ; John Evans, Esq.; Capt. Douglas Galton, C835” 
John Peter Gassiot, Esq.; John Hall Gladstone, Esq., Ph.D.; Sir Row- 
land Hill, K.C.B., D.C.L.; William Huggins, Esq.; Thomas Henry 
Huxley, Esq., Ph.D.; Prof. John Phillips, M.A., LL.D.; Prof. Andrew 
Crombie Ramsay, LL.D. ; Colonel William James Smythe, R.A.; Lieut.- 
Col. Alexander Strange ; Thomas Thomson, M.D. 


The President stated that Colonel John Le Couteur, who by reason of 
non-payment of his annual contribution ceased to be a Fellow of the So- 
ciety at the last Anniversary, had applied for readmission ; and an extract 
from his letter to the Council was read, explaining the circumstances under 
which, during his absence on the Continent, the omission of payment had 
taken place. Notice was accordingly given that the question of Colonel 
Le Couteur’s readmission would be put to the ballot at the next meeting. 

Mr. Gassiot, Mr. Gwyn Jeffreys, Sir John Lubbock, Mr. Rennie, and 
Mr. Savory, having been nominated by the President, were elected by 
ballot Auditors of the Treasurer’s Accounts on the part of the Society. 

Mr. W. Boyd Dawkins was admitted into the Society. 


The following communications were read :— 


I. “On a New Class of Bodies Homologous to Hydrocyanic Acid.” 


I.—By A. W. Hormann, F.R.S. Received August 20, 1867. 
(See page 144.) 


II. “On a New Series of Bodies Homologous to Hydrocyanic Acid.” 
—II. By A. W. Hormann, LL.D., F.R.S. Received August 
31, 1867. (See page 148.) 


III.—“On a New Series of Bodies Homologous to Hydrocyaniec 
Acid.’—IIT. By A. W. Hormann, LL.D., F.R.S. Received 
September 7, 1867. (See page 150.) 
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IV.—“Second Supplementary Paper on the Calculation of the 
Numerical Value of Euler’s Constant.” By Wittiam SHaAnks, 
Houghton-le-Spring, Durham. Communicated by the Rev. Pro- 
fessor Price. Received August 29, 1867. (See page 154.) 


V. “ Addition to Memoir on the Resultant of a System of Two Equa- 
tions.” By A. Cayitey. Received August 6, 1867. 


(Abstract.) 


The elimination tables in the memoir on the Resultant of a System of 
two Equations (Phil. Trans. 1857, pp. 703-715), relate to equations of the 
form, (@,,0 .. mee y)"=0, without numerical coefficients; but it is, I 
think, desirable to give the corresponding tables for equations in the form 
(a, Be alli y)"=0, with numerical coefficients, which is the standard 
form in quantics. The transformation can of course be effected without 
difficulty, and the results are as here given. It is easy to see @ priorz that 
the sum of the numerical coefficients in each table ought to vanish ; these 
sums do in fact vanish, and we have thus a verification as well of the tables 
of the present addition as of the tables of the original memoir, by means 
whereof the present tables were calculated. 


VI. “ Contributions to the History of Methylic Aldehyde.” By 
A. W. Hormann, LL.D., F.R.S. Received September 30, 1867. 


«The aldehyde of the methyl-series is not known ;”’ all the chemical 
manuals say so, and for the last twenty years my students have been duly - 
informed thereof. It will scarcely appear strange that more efforts to be- 
come acquainted with that body should not have been made, since the 
masterly picture which Liebig has delineated of the aldehyde par excellence 
embraced as it were the history of the whole class, and of course also of 
the aldehyde in question. Nevertheless methylic aldehyde deserves our 
consideration for more than one reason. As one of the simplest terms of 
the monocarbon-series, occupying a position intermediate between marsh- 
gas and carbonic acid, as a link of transition connecting methylic alcohol 
and formic acid, as either aldehyde or acetone, according to the point of 
view from which we look upon it, the compound CH,O illustrates a 
greater variety of relations than any one of the higher aldehydes. But in 
addition to the interest with which the methyl-compound has thus always 
been invested, this substance possesses special claims upon our attention at 
the present moment. Our actual method of treating organic chemistry for 
the purposes of instruction almost involves the necessity of starting from 
the methyl-series. The simplest of aldehydes thus acquires quite an espe- 
cial importance, and all those who, like the author of this note, are engaged 
in teaching, cannot fail to have sadly missed a compound which is the car- 
rier of such varied and interesting considerations. 

The desire which I have frequently felt in my lectures of developing the 
idea of the genus aldehyde, when speaking of the methyl-compounds, has 
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more than once induced me to attempt the preparation of methyl-aldehyde, 
but it was only at the conclusion of my last summer course that I succeeded, 
to a certain extent at all events, in attaining the object of my wishes. 

A substance possessing the composition and the properties of methylic 
aldehyde is formed with surprising facility if a current of atmospheric air, 
charged with the vapour of methylic alcohol, be directed upon an incan- 
descent platinum spiral. 

The bottom of a strong three-necked bottle, of two litres’ capacity, 1s 
covered to the height of about five centimetres with moderately warm me- 
thylic alcohol. The first neck is provided with a tube descending to the 
very surface of the liquid; into the second is fixed a loosely-fitting cork, 
which carries the platinum spiral ; the third one, lastly, communicates with 
the upper end of a condenser, the lower end of which is fastened into a two- 
necked receiver. This receiver is in its turn connected with a series of wash- 
bottles, and the last of these communicates with a water-jet aspirator, by 
which a current of air can be sucked through the whole system. 

The apparatus being disposed in this manner, the platinum spiral is 
heated to redness and introduced into the three-necked bottle. After a 
few minutes the flameless combustion of the methyl-alcohol begins to mani- 
fest itself by the evolution of a vapour powerfully affecting the nose and 
eyes. Gradually the temperature of the apparatus rises, and soon droplets 
of a colourless liquid are condensed in the receiver. The formation of 
methyl-aldehyde is now fairly proceeding, and if the current of air be 
appropriately adjusted, the platinum spiral remains incandescent for hours 
and even for days. There is no difficulty in collecting from 50 to 100 
grammes of a liquid rather rich in methyl-aldehyde. 

Instead of establishing the current of air by a water-jet aspirator, a pair 
of bellows may be conveniently employed. I have often used with advan- 
tage the bellows of an ordinary glass-blowing table. This mode of pro- 
ceeding is more particularly adapted to the requirements of the lecturer, 
who is thus enabled, by simply accelerating the movement of the foot, to 
enliven the combustion, so as to keep the whole spiral in a state of incan- 
descence. By thus proceeding it happens, however, occasionally that the 
gaseous mixture in the three-necked bottle is fired; but these explosions 
are pertectly harmless, the whole effect being the forcible ejection of the 
loosely-fitting cork which carries the platinum spiral. 

The liquid which is being collected in the receiver has all the properties 
which theory assigns to the aldehyde of the methyl-series, or, more properly 
speaking, to its methyl-alcoholic solution. “When rendered slightly alkaline 
by a few drops of ammonia, and mixed with nitrate of silver, it yields, on 
gently warming, a silver mirror of irreproachable perfection, which is in- 
deed more readily and more certainly produced than with the aldehyde 
of the ethyl-series. The reduction im this case is the result of two conse- 
cutive reactions ; in the first stage the aldehyde yields formic acid, which 
in the second stage is converted into water and carbonic acid. 

N2 
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On heating the methyl-alcoholic solution of the aldehyde with a few 
drops of a fixed alkali, the liquid becomes turbid on ebullition, acquires a 
yellowish coloration, and soon deposits droplets of a brownish oil, possess- 
ing in the highest degree the peculiar odour of ethyl-aldehyde-resin. 

- After the observation which I have mentioned, it was scarcely doubtful 
that the product of the slow combustion of methylic alcohol contained the 
aldehyde of this alcohol in considerable proportion. Nevertheless it ap- 
peared necessary to fix the nature of this compound by some numbers. 
The commencement of the vacations being at hand, there was but little 
hope of preparing the liquid in sufficient quantity for the purpose of 
obtaining the aldehyde, which will probably be found to be either gaseous 
at the common temperature or extremely volatile, in a state of purity for 
analysis. Under these circumstances I have been compelled to limit myself 
to the preparation of an easily accessible derivative of methyl-aldehyde 
possessing a characteristic composition, and the analysis of which would 
not be less conclusive than that of the aldehyde itself. The slight solubility 
and the powerfully crystalline tendencies of the sulphaldehyde of the ethyl 
series could not fail to indicate the direction in which I had a right to hope 
that the object which I was aiming at might be accomplished. 

If a current of sulphuretted hydrogen be passed through the methy]- aledt 
holic solution of methyl-aldehyde, the liquid becomes turbid after a few 
minutes, and on allowing the saturated solution to stand for some hours, — 
a body of an alliaceous odour begins to be separated at the bottom of the 
flask. If the liquid be now mixed with half its volume of concentrated 
hydrochloric acid, and heated to ebullition, it becomes limpid, and solidi- 
fies on cooling into a mass of felted needles of dazzling whiteness. These 
needles fuse at 218°; they are volatile without decomposition. Slightly 
soluble in water, they are more readily dissolved by alcohol, and still more 
so by ether. For the purpose of analysis they were recrystallized from 
boiling water, in order to exclude free sulphur, with which they might have 
possibly been contaminated. The numbers obtained in the analysis of 
the crystals unmistakeably establish their nature. The white crystals, as 
might have been expected, have the composition of the sulphaldehyde of 
the methyl-series, CH,S. 

The analysis of the sulphur-compound fixes, of course, the presence of 
the corresponding oxygen compound among the products of the slow com- 
bustion of methylie alcohol. 

A more minute examination, of methylic aldehyde and its derivatives 
remains still to be made. It will be absolutely necessary to isolate the 
oxygen-term and to determine its vapour-density, in order to ascertain its 
molecular weight. If we remember the facility with which the aldehydes 
are polimerized, the question presents itself, whether the aldehyde formed _ 
by the slow combustion of methylic alcohol is represented by the formula 

CH, O, 


or a multiple thereof. A similar remark applies to the sulphur-derivative. 
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It deserves, moreover, to be mentioned that a compound isomeric with 
methylic aldehyde, the dioxymethylene (C,H,0,) of M. Boutlerow, is 
known already ; also that a sulphur-compound of the formula 

CH,S 
has been obtained by M. Aimé Girard, who observed that bisulphide of 
earbon is reduced by the action of nascent hydrogen with disengagement 
of sulphuretted hydrogen. 

In the course of next winter I propose to perform some further experi- 
ments on the product of the slow combustion of methylic alcohol for the 
purpose, if possible, of isolating methylic aldehyde in a state of purity, and 
of thus completing this inquiry. 


VII. “On the New Reflecting Telescope to be used at Melbourne, 
Australia.” In a Letter to the President. By the Rev. Dr. 
Rogpinson, F.R.S. Received October 15, 1867. 


Observatory, Armagh, October 14, 1867. 

My pear Frienp,—As you express a wish to know my recent impres- 
sions respecting the great telescope, I can say that they are very satisfac- 
tory. When I saw it six weeks ago the first of the two great specula was 
just polished ; and though the essential parts of the equatoreal were in 
position, and one could estimate the facility with which it could be managed, 
the optical part of the telescope remained incomplete. Now, I found the 
great and small specula in their places, a finder of four inches aperture at- 
tached, the circles divided, and the clock for driving the telescope en- 
shrined in the pier. One thing was wanting, weather fit for trying its 
power; and during eighteen nights there was only one of even middling 
goodness. That, Rees was sufficient to prove that the instrument is 
thoroughly up to its intended work. I examined several nebule and 
clusters, with whose appearance in Lord Rosse’s six-feet reflector I am 
familiar, and the difference was far less than I expected. I may specify 
among them 51 Messier, whose spirals were seen on strong aurora, and the 
nebula in Aquarius, with its appendages like the ring of Saturn. Its defi- 
nition of stars is very good: a Lyrze had as small and sharp an image as I 
ever saw on such a night; and a few pretty close double stars were well 
and clearly separated. Part of this is probably due to the lattice-tube, 
which permits the escape of heated air, but more to the figure of the spe- 
culum, which is truly parabolic. The peculiar nature of the mounting 
brings the circles completely within reach of the observer’s assistant ; and 
the mechanical appliances for the motions in right ascension and polar 
distance are so perfect, that we set the instrument on the faint objects which 
we were examining with great facility and rapidity. One man can reverse 
the telescope in a minute and a quarter ; the quick motion in polar distance 
is of course far easier, and the slow one acts more like the tangent screw of 
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a circle than the mover of such a huge mass. The clock is rather gigantie, 
but does its work with great precision, the objects which I examined re- 
maining steady on the wire as long as I watched them; and there is an 
ingenious and new contrivance for suiting its speed to planets or the moon. 
‘There remain but a few matters to be completed ; the second great specu- 
lum is nearly polished, the glass small one is ready ; the micrometer and 
observing-chair are not commenced, nor the photographic apparatus and 
spectroscope. These two last are no part of Mr. Grubb’s contract; but 
the Committee thought themselves justified by the correspondence in order- 
ing them, as their cost is small, and they will add greatly to the utility of 
the telescope. In the fine sky of Melbourne it will, I trust, yield spectro- 
scopic results surpassing any that have as yet been obtained *. That it 
will realize fully the expectations of the people whose enlightened liberality 
has ordered its construction I am quite certain; but I am not so certain 
that it will retain its present perfection very long if exposed without some 
shelter. It is true that Mr. Cooper’s great achromatic has stood exposed 
to the rain and wind of Connaught for more than thirty years, and is still 
serviceable ; but besides its inferior size it is of coarser workmanship, and 
is provided with fewer of those beautiful contrivances which in this instru- 
ment make its movements so easy. At Melbourne the rain of Markree is 
not to be feared; but if one may judge from its position on the verge of a 
great continent, and from the analogy of India and the Cape, another enemy 
is to be dreaded, the fine dust which winds from the interior will probably 
bring. This would find its way into all the bearings, and besides clogging 
their action would grind them out of truth. The danger of this induces 
me, after careful discussion with Messrs. Le Sueur and the two Grubbs, to 
lay before you my views, which (if you think them sound) you may hold 
it advisable to mention to the authorities of Victoria. 

Three modes occur to me of covering the telescope. In any case it must 
be surrounded by a wall, for the comfort of the observer and to prevent in- 
trusion. This wall may support a moveable covering of such a kind as to 
let the instrument be pointed to every part of the sky. 

The most usual form of this covering is a dome running on a circular 
railway, and with an opening or chase on one side reaching from its base 
to its summit, and closed by a sliding shutter. The disadvantages of this 
plan are, that the performance of the telescope is somewhat injured by cur- 
rents of warm air rising through the chase, and that it is much heavier and 
more costly than either of the others. In this instance its diameter could 
not be less than 56 feet; and though that magnitude is not beyond the 
resources of an accomplished engineer, yet it is not one to be encountered 
without the prospect of some adequate advantage. The largest dome which 
I know (Sir James South’s, of 36 feet diameter) is a total failure ; but this 
does not weigh much with me—for, though planned by the celebrated 
Brunel, it transgresses against the elements of mechanical science. 

* T send a photogram of the instrument taken last week. 


Th 
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A much simpler plan is the sliding roof. In this case the walls are rec- 
tangular, enclosing a space rather broader than the instrument, and about 
three times as long. The longer sides carry two rails, on which runs a 
kind of house long enough to cover the instrument and pier, and high 
enough to clear the latter. That end which at Melbourne will be its north 
is closed by doors, which are opened at the time of observation, and the 
roof is wheeled away, leaving all in the open air. It will be the cheapest 
and least bulky of the three. Its defects are, that the open end presents 
some engineering difficulty, that the roof will hide about 12° under the 
pole, and that the whole machinery is exposed to any dust that may be 
stirring during the hours of observing. 

That which appears the best is the revolving roof. Its vertical part is 
a prism of sixteen sides, six feet high, springing from a ring of cast iron, 
which revolves by rollers on a circular rail borne by the wall. The top is 
nearly flat, with a chase large enough to let the telescope work freely, 
which can be covered by sliding shutters. The tube, when in use, would 
project through the chase, and be essentially in free air, at other times 
could be lowered and completely sheltered; while the other parts would 
be as well protected as under a dome. In this case the internal diameter 
should be about 46 feet, with a chase 16 feet wide. These dimensions would 
give complete command of the heavens, and such a roof would give less 
hold to a high wind than either of the others. I enclose a rough sketch 
of its framing. The panels and the three girders at the top to be of angle- 
iron, light but strong, and these covered with tin plate. If it were adopted, 
I suppose the frame would be made here, sent out in pieces, and put to- 
gether and covered on its arrival. The weight would be about 5 tons. 
As to its cost, no estimate can be given, as labour costs more at Melbourne 
than with us; but in Ireland it would be about €1200. 

I will conclude this long letter by tellmg you how much I am satisfied 
with our selection of the astronomer who is to work this glorious instru- 
ment. He is not a mere mathematician ; such a one might be very help- 
less when he came to the practical details of observing, but he is tho- 
roughly versed in its optical and mechanical requirements, and in the daily 
work of an observatory. For this last he has been trained by Professor 
Adams during the past year; one of the Committee, Mr. Warren De la 
Rue, the first of celestial photographers, has instructed him in the mys- 
teries of that surprising art ; and for the last three months he has been 
constantly in Mr. Grubb’s works, studying all the mechanism of the tele- 
scope (of which I see he has acquired full command), and taking an active 
part in the polishing of the great specula. He seems fully to understand 
this most delicate process ; and it is my opinion that, if repolishing becomes 
necessary, he is fully competent to do it successfully. 

I may therefore congratulate you in full hope on the inestimable harvest 
of discovery and triumph which will soon crown this magnificent enter- 
prise. Yours ever, 

(Signed) T. R. Rosrnson. 
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VIII. “ Copy of a Despatch addressed to Her Majesty’s Secretary of 
State for Foreign Affairs by the British Consul at Canea, Crete, 
‘giving an account of an Earthquake which took place in that 
Island.” Communicated by the Lord Stantey, F.R.S. Received 
October 17, 1867. Canea, Crete, September 23, 1867. 

My Lorp,—I have the honour to acquaint your Lordship that two 
shocks of earthquake were felt here at 54 on the afternoon of the 19th 
instant, and again on the following morning, after an interval of twelve 
hours. The latter shock was severe, and lasted about ten seconds. The 
oscillations were horizontal, and appeared to proceed from east to west. 
Several houses have been cracked and otherwise damaged, and one of the 
old Venetian galley-arches fell sideways in a block, killing a Turkish sentry 
and a hospital attendant. A remarkable phenomenon occurred that morn- 
ing soon after the earthquake. The sea receded at the rate of about ten 
inches per minute, until, attaining a maximum depression of some four feet, 
it gradually rose again above its former level. The water in the wells was 
affected in the same degree, and on rising it became much agitated. At 
52? a.M. the sea-water was tepid, with a temperature of 87° (Fahr.), being 
equal to that of the air. 

The morning was unusually still and sultry, and it was not until the 
afternoon that the sea subsided into its normal condition, tempered by a 
cool northerly breeze. A strong eddy had set in, causing much damage to 
shipping, several of the smaller craft parting their cables and coming into 
collision with each other. With reference to the state of the sea, it is 
worthy of note that the copper-bottom of Her Majesty’s Ship ‘ Wizard,’ 
now in this port, became suddenly clean and bright. 

Many of the town inhabitants have fled to the country, and the Geue- 
ralissimo, with His Highness’s staff, has since removed to the camp out- 
side the town. 

Mr. Hall, second master of Her Majesty’s Gunboat ‘ Wizard,’ has 
kindly given me the following results of his observations :— 

Thursday, Sept. 19, 1867.—5.40 p.m. ‘Therm. 86° Fahr. Sea-water 
85°.—Experienced the shock of an earthquake, four seconds’ duration. 

Friday, Sept. 20.—5.44 a.m. Mean time. PlaceChr. Therm. 85° to 
87° Fahr. Sea-water 87°.—Experienced a second shock of an earthquake, 
five seconds’ duration, followed by a series of violent effluxes and influxes 
of the sea at intervals of ten minutes. 

6.04.m. Therm. 78°. Water 77°.—Rate of efflux and influx on per- 
pendicular three feet in four minutes. 

6.45 A4.m.—Duration of efflux and influx six minutes. Rate of do. six 
minutes. Perpendicular two feet in four minutes. 

Noon.— Duration of efflux and influx four minutes. 

I have the honour to be, with the highest respect, my Lord, 
Your Lordship’s most cbedient humble Servant, 
(Signed) C. H.Dicxson. 
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November 30, 1867. | 
ANNIVERSARY MEETING. 
Lieut.-General SABINE, President, in the Chair. 


Mr. Savory, on the part of the Auditors of the Treasurer’s Accounts 
appointed by the Society, reported that the total receipts during the past 
year, including a balance of £666 ls. 6d. carried from the preceding year, 
amount to £4932 3s.; and that the total expenditure in the same period 
amounts to £4436 12s. 9d., leaving a balance of £483 16s. at the Bankers, 
and of £11 14s. 3d. in the hands of the Treasurer. 

The President announced that the Council had elected Sir Philip 
Egerton as a Trustee of Sir John Soane’s Museum for the next five years. 


The Secretary read the following Lists :— 


Fellows deceased since the last Anniversary. 
On the Home Inst. 
Major-General John George Bonner. | John Mercer, Esq. 


William Brinton, M.D. Thomas Richardson, Esq., M.A., 

Edward Burton, Esq. Ph.D. 

William Cotton, Esq., D.C.L. Charles Milner Ricketts, Esq. 

Walter Crum, Esq. William Parsons, Earl of Rosse, 
- Colonel Sir George Everest, C.B. K.P., M.A., LL.D. 

Michael Faraday, Hsq., D.C.L., James Smith, Esq. 

LL.D. Sir James South, Knt. 

Professor John Goodsir. Alexander John Sutherland, M.D. 

William John Hamilton, Esq. Lord Justice Sir George James 

Sir John Jacob Hansler, Knt. Turner, Knt., D.C.L. 

Sir William Snow Harris, Knt. Robert Warington, Esq. 

Sir William Lawrence, Bart. John, Lord Wrottesley, M.A., 

Ashhurst Majendie, Esq. D.C.L. 


Commander James Mangles, R.N. 


On the Foreign List. 
Alexander Dallas Bache. 


Fellows elected since the last Anniversary. 
Lord Chief Justice The Right Hon. | John Whitaker Hulke, Esq. 


Sir William Bovill. Edward Hull, Esq. 
William Baird, M.D. Edward Joseph Lowe, Esq. 
W. Boyd Dawkins, Esq. James Robert Napier, Esq. 
Baldwin Francis Duppa, Esq. Benjamin Ward Richardson, M.D. 
Albert C. L. G. Giinther, M.D. J. S. Burdon Sanderson, M.D. 
Julius Haast, Esq., Ph.D. Henry T. Staton, Esq. 


Capt. Robert Wolseley Haig, R.A. | Charles Tomlinson, Esq. 
Daniel Hanbury, Esq. 
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The President then addressed the Society as follows :— 
GENTLEMEN, 


Tue year which has passed since I last addressed you has been to us a 
mournfully eventful one. Death has taken from us three of our most emi- 
neht and respected Members.. Two were my predecessors in this Chair, 
for whom, only a few months ago, we might well have hoped that many 
years of useful life were yet in store. In regard to the third, the declin- 
ing health of Faraday (one of the greatest names in our fie for a 
considerable time forbade such hope in his case. 

Whilst you deplore with me the losses we have sustained, you will be 
prepared to read with strong interest the biographical notices of these dis- 
tinguished men, which are very shortly to appear in our obituary. It is 
well that I am able to announce that these will be so soon in your hands, 
for even the feeble attempt on my part to do justice to such a theme on 
this occasion, which might otherwise have been expected of me (altogether 


inadequate as it must have been), would have occupied the greater part, if 


not the whole, of the time claimed by our more ordinary topics. 
I pass therefore at once to the relation of the action taken by the Royal 
Society in the promotion of science in the past year. 


At the last Anniversary I gave an account of the progress made up to 
that time in printing the Catalogue of Scientific Papers. I am happy now 
to be able to announce that the first volume lies before us ready for publi- 
cation. It comprehends a portion of the first part of the Catalogue, in 
which the titles are arranged alphabetically, according to authors’ names, 
and extends from A to Clu. An explanatory Preface and Introduction are 
prefixed, as is also a list of the periodical works from which the titles have 
been extracted, with the abbreviations under which they arereferredto. I 
need scarcely remind you how often the appearance of the first volume of a 
series is necessarily subject to delays not incident to the succeeding volumes. 
This has happened in the present case; and we may now confidently anti- 
cipate that the work will progress rapidly and uninterruptedly. You are 
aware that the work is being printed at Her Majesty’s Stationery Office, 
and that arrangements will be made, with the approval of the Government, 
for distributing a certain number of copies as presents to scientific institu- 
tions and other parties, while the remainder will be offered for sale at such 
a price aS may defray the cost of printing. 


The attention of the President and Council has continued to be much 
occupied during the past year in aiding, at the request of Her Majesty’s 
Government, in the reorganization of the meteorological department of the 
Board of ‘Trade, and in preparing the preliminary arrangements of a 
system of British Land-Meteorology to be carried out under the authoriza- 
tion of that Board. 

In my Anniversary Address of last year, I brought before you, as fully as 
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the time at our command would permit, the reasons which had influenced 
both the Government and the Royal Society in desiring the establishment 
in this country of meteorological observatories conducted on a systematic 
plan, and directed towards the attainment of a more perfect knowledge of 
the meteorology of our country than we at present possess. 

The scheme, which, at the instance of the Board of Trade, had been sug- 
gested by the President and Council, consisted in the establishment of six 
or seven observatories, well distributed over the area of the British Islands, 
furnished with self-recording instruments on the pattern of those devised 
and in use at the Kew Observatory, and transmitting their records of the 
temperature, pressure, electric and hygrometric state of the atmosphere, 
and of the direction and force of the wind to a central office, where (under 
the general superintendence of a committee of scientific men) they should 
undergo the processes of reduction and combination, and be applied to the 
general study of the phenomena. 

The Government, acting with due caution, determined on submitting 
this suggestion, as well as, generally, the functions of the meteorological 
department of the Board of Trade as it had previously existed, to a com- 
mittee of scientific and practical men to be nominated by the Government 
itself, the Royal Society being invited to name one of the members. 

The suggestion to which I have adverted, of the establishment of a 
small number of meteorological observatories supplied with self-recording 
instruments for the purpose of making a full, accurate, and continuous 
record of meteorological phenomena at certain selected stations, appears to 
have received the unqualified and emphatic approval of the committee, and 
to have been viewed by them as the most effectual means of supplying a 
secure and adequate basis for the discussion of the variations of the weather 
in the British Islands. Self-recording instruments are spoken of in the 
report as likely to prove of eminent local and international utility ; it is 
anticipated that the establishment of observatories furnished with them in 
England may be expected to confer a wide benefit, that they would give 
precision and fulness to the charts of our own weather, and would set an 
example that foreign governments would probably soon follow, and that 
they would afford material in a very acceptable form to meteorologists at 
home and abroad for the discussion of weather phenomena. 

The Board of Trade, after reference to the Admiralty and to the Trea- 
sury, adopted the Report of their Committee in a “ Circular’ dated No- 
vember 29th, 1866; and at the same time asked the Royal Society whether 
they would be willing to name a committee of their own members to give 
their gratuitous services in the organization of the observatories recom- 
mended, and in the general superintendence of the Meteorological De- 
partment. 

The public service thus requested was unhesitatingly undertaken ; and 
on the 13th of December, 1866, a committee was named of eight of the 
Fellows of the Royal Society who were willing to devote themselves to 
the onerous and responsible duties of such an undertaking. Estimates 
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were required, and were furnished by them, of the probable cost of the 
organization, and of the annual expense of the Observatories. In August of 
the present year (1867) the estimates were passed in the House of Com- 
mons ; and I have now the satisfaction of announcing, on the part of the 
Gimeriee that they have reason to believe that in January 1868, being 
not more than six months after the passing of the estimates, Observa- 
tories supplied with self-recording instruments which have been prepared 
and verified at Kew, working under competent superimtendence, and with 
a trained staff at each Observatory, will have commenced their ovserva- 
tions at Falmouth, Kew, Stonyhurst, Armagh, and Glasgow, and that there 
is ground of expectation that, in a month or two later, Valentia and Aber- 
deen will be added to the list. 

The estimates passed in August 1867 will have defrayed the expenses of 
organization and maintenance of these seven Observatories until the 31st 
of March 1868 (the close of the present financial year). The contimuance 
of the Observatories must necessarily depend upon the disposition of 
Government to recommend, and of the House of Commons to supply, the 
necessary funds. The Superintending Committee of the Royal Society are 
prepared for either alternative, viz. either to continue their general super- 
intendence, or to regard their honourable and laborious undertaking as ter- 
minated. In the former case, it will become their office to trace the 
variations of the weather, as presented in the continuous and well-distri- 
buted records over the area of the British Islands, viewed in conjunction 
with the telegrams from the Ports and with the information received from 
other countries, and thus so to contribute to a knowledge of the laws 
which govern those variations as to enable meteorologists gradually, and as 
far as may be possible, to place the practice of forecasting the weather on a 
sound and dependable basis. 

The Report of the Committee of the Board of Trade contains many valu- 
able suggestions regarding the treatment which the information accumu- 
lated in the office of the meteorological department of that Board should 
undergo, with the view cf extracting from it the information it is capable 
of affording on the meteorological statistics of the Ocean, and specially of 
the parts most frequented by British ships. This great branch of meteo- 
rological research, so eminently befitting a great maritime and commer- 
cial nation, was most prominently urged on the consideration of Her Ma- 
jesty’s Government by the President and Council of the Roya! Society in 
a letter dated February 22, 1855 ; and in the subsequent establishment of 
the Meteorological Department of the Board of Trade it was recognized as 
being one of the chief functions of the office so constituted. The collection 
of a very considerable mass of information, embodied in the logs ef ships 
to which instruments and instructions have been supplied, has been the 
result ; but comparatively little advance appears to have been made in the 
labour of extracting, collating, combining, and discussing the valuable 
materials thus obtained. The work, both of collecting anche informa- 
tion, and of discussing and arranging for communication to the publie the 
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information already in the office and that which may hereafter be obtained, 
has been resumed under the general superintendence of the Meteorological 
Committee of the Royal Society, profiting by the valuable suggestions 
contained in the Report of the Committee of the Board of Trade. This 
forms the second portion of the duties which they have taken upon them- 
selves. A third portion consists in the endeavour to make available for 
the benefit of mariners the information which reaches the office by tele- 
graph early in the day as to the state of the weather at different points of 
the coast. 

A copy of this information is transmitted, by the first post after its 
reception, to any port which desires to receive it. _ 

If the authorities at any port require any special telegraphic intelli- 
gence, it is furnished to them without unnecessary delay, on their agree- 
ing to defray half the cost of transmission of the message, and stating the 
precise nature of the information required. 

Lastly, the Committee are prepared to convey, free of cost, telegraphic 
intelligence of the existence of any serious atmospherical disturbance which 
may have come to their knowledge, to all ports to which it appears to 
them that such information would be of importance. Such a telegram 
may be, for example :— 

“Sturm from West at Penzance and South coast.”’ 

On the receipt of such a message the local authorities are expected to 
hoist a drum as a general warning, on seeing which masters of vessels or 
other interested persons may leis by inguiry at the local office (or by 
other arrangements) the precise nature of the information received, toge- 
ther with any additional particulars which may have been transmitted 
from the central office. 

it is clearly understood by all parties that any telegraphic message of a 
warning nature (like the example here mentioned) is merely meant to 
imply Bhat there is a serious atmospherical disturbance existing along @ 
certain region of coast, and consequently that there is, or may be, danger 
empending in other districts. 

Some such arrangement as that which has been now described was the 
subject of early discussion between the Board of Trade and the Committee 
of the Royal Society. The arrangement as adopted was proposed by the 
Committee in a letter dated the Sth of June, being some weeks before the 
estimates had passed, and consequently before they were authorized to 
incur any expenditure whatever on the public account. It has been since 
approved by the Board of Trade, and is now in operation. 

The telegraphic messages, which are now limited to a notice of “ exis¢- 
ing facts,” are obviously capable of extension hereafter, in proportion as 
the basis upon which sound meteorological ane paeen may rest shall be 
enlarged ; and this we may meascnabiye hope for, as one of the fruits of the 
establishment and action of the “ Land Meteorological Observatories.” 

Meantime a not unimportant preliminary measure has received its due 
consideration. From en early period the attention of the Committee had 
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been drawn to the importance of improving, as far as possible, the quality 
of the intelligence received from the coast stations. With this view they 
gave directions that all the telegraph stations at which observations are 
made should be inspected—a practice which had never before been carried 
out. The inspection of all the stations situated in the British Islands has 
now been completed. It is hoped that, as the result of these measures, the 
accuracy and consequent value of the reports received will be in future ma- 
terially improved ; and such desirable improvement has indeed already been 
in part effected. 


The four-foot reflector destined for the Melbourne Observatory ap- 
proaches its completion, with a full prospect of its beg ready to proceed 
to its destination early in the coming year, under the charge of Mr. Le 
Sueur. The spectroscope and photographic apparatus, which are to be 
used with it, are in progress. A question has arisen as to the expediency 
of providing it with some roof or covering which, while admitting of the 
telescope being directed to any part of the heavens, shall be an efficient 
protection for it from the weather at all’ times when not im actual use. 
Three designs for this purpose, viz. a dome, a sliding roof, and a revolving 
roof, with the estimated cost of each, have been supplied by Mr. Grubb, 
and have been sent to Melbourne to be submitted to the choice of the 
Board of Visitors of the Observatory ; their decision may be expected to 
arrive very shortly, and Mr. Grubb is prepared to carry it into effect with 
all promptitude. There is therefore full reason to expect that this mag- 
nificent instrument will be at work in the splendid field which awaits its 
operations, in the hands of a thoroughly skilled and competent observer, 
before our next Anniversary. 

The Superintending Committee, whose assistance in this important un- 
dertaking has been unremittingly given, have sustained a loss, which all 
who hear me will appreciate, in the lamented decease of the Karl of Rosse. 
Deeply as the death of one so highly gifted, and who devoted his gifts to 
such high objects, is to be deplored, it is some consolation that his son 
and successor is one who will add to the lustre of their name. He is 
already known to you by the important paper on the Nebula of Orion 
which was read at the close of our last session, and is now in course of 
publication in the Philosophical Transactions. This paper appears clearly 
to show that, in the course of the last fifteen years, considerable changes 
have taken place in that remarkable object, such as cannot be attributed 
either to atmospheric difficulties of vision, or changes in the instrument, 
or in the observer’s eye. It confirms fully the researches of Mr. Huggins, 
and at the same time explains what had presented some difficulty, the 
absence of a continuous spectrum when the telescope shows a multitude 
of stars. 

In conformity with the course of proceeding directed by the Melbourne 
Board of Visitors, in the event of such an emergency as the death of one of 
the three members of the Committee of Superintendence, I have consulted 
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with the two surviving members, Dr. Robinson and Mr. De la Rue, and, 
in agreement with their recommendation, have named the present Earl of 
Rosse as their associate. 


The year 1868 will be signalized by the occurrence of a total solar 
eclipse of almost the greatest possible duration, affording therefore more 
leisure than usual for such observations as can only be made during the 
brief interval of the totality. The total phase will be visible in India, but 
elsewhere only in countries practically unavailable. Recent observations on 
the spectra of the heavenly bodies render spectroscopic observations of the 
red protuberances and of the corona a matter of peculiar interest at 
the present time. The President and Council have therefore considered 
how far they might contribute to a full use of so rare an opportunity in 
regard to these more especially physical phenomena. 

Having already experienced, in the case of the pendulum experiments 
in India reported in my last year’s Address, the advantage of acting in concert 
with the distinguished officer who now holds the post of Superintendent of 
the Great 'Trigonometrical Survey, Colonel Walker of the Royal Engineers, 
and having ascertained his readiness to charge himself with the practical ar- 
rangements which would be required for the observation of the eclipse, the 
President and Council determined on employing a portion of the Parlia- 
mentary grant placed at their disposal for the present year in the prepara- 
tion of the necessary instruments, consisting of a telescope of five inches 
aperture, by Messrs. Cooke and Sons, mounted as a portable equatoreal 
with clock movement, and provided with a star spectroscope ; and as 
clouds might interfere with the observations with this instrument at the 
critical moment, they have added four direct spectroscopes for observing 
the general character of the spectra of the red protuberances and the 
corona, and have entrusted them to Colonel Walker, to be placed in the 
hands of different observers. 

It has happened fortunately that a son of Sir John Herschel, an assis- 
tant in the Trigonometrical Survey, was about to return to India from 
leave of absence in this country, and, being applied to, expressed his 
readiness, subject to the approval of Colonel Walker, to undertake any 
desired share in the observations, and to make himself acquainted with, 
and receive instruction in, the use of the instruments before his departure, 
as well as to take charge of their conveyance to India. This arrangement 
having received the cordial approval of Colonel Walker, has been duly 
proceeded with, and Lieutenant Herschel with the instruments is now on 
his way to India. 

Mr. Hennessey, First Assistant on the Indian Trigonometrical Survey, 
having expressed in a letter to the President his wish to render available 
for scientific researches, not incompatible with his professional duties, his 
residence for great part of the year at the elevated station and in the clear 
atmosphere of Mussoorie (7000 feet above the sea), his offer, which had 
received the cordial sanction of Colonel Walker, has been embraced : 
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advice and instructions for the observation of the terrestrial lines of the 
solar spectrum, and for observations of the zodiacal light (for which the 
situation is particularly favourable) and for other desirable inquiries have 
been sent to him; and Lieutenant Herschel is taking out spectroscopes, 
prisms, actinometers, and other suitable instruments which the Society 
has provided for his use. 


The Society have been already apprised of the desire of the Government 
of Mauritius to establish in that colony a Magnetical Observatory, working 
with the instruments and adopting the methods of discussing the results 
as practised at Kew. arly im the Session a communication was received 
from the Colonial Office, conveying the Karl of Carnarvon’s request for the 
opinion of the Royal Society regarding the instruments to be employed in, 
and the plans for the building of, a new observatory, which should be both 
magnetical and meteorological. After full communication and discussion 
with Mr. Meldrum, Director of the Mauritius Observatory, who had 
arrived in England, a reply was returned to the Colcnial Office particu- 
larizing the remaining instruments still required for the complete equip- 
ment of such an observatory, together with plans for the buildings and 
estimates for the whole, submitted by Mr. Meldrum, and approved by 
the President and Council. The instruments have been prepared, verified, 
and practised with by Mr. Meldrum, at Kew, and are ready to proceed to 
their destination. 


The self-recording magnetical instruments prepared and verified at the 
Kew Observatory by the request of the Government of Victoria have been 
forwarded to their destination, and are now at work at Melbourne under 
the superintendence of Mr. Ellery. An application received in the course 
of the present year from the same colony for self-recording meteorological 
instruments on the pattern of those at Kew has been already complied 
with in part, and will be so fully as soon as the present urgent demands 
for the British Land Meteorological Observatories shall have been supplied. 


Since the information conveyed in my last year’s Address respecting the 
Magnetical Observatory at Bombay, Mr. Chambers’s application for self- 
recording instruments, similar to those at Kew, has been received at the India 
Office, accompanied by the approval and recommendation of the Bombay 
Government. Happening to arrive about the time when Lord Cranbourne 
had referred the general subject of the Astronomical Observatories in 
India to the Astronomer Royal, the Magnetical Observatory at Bombay 
was included in the reference, the distinction between astronomical and 
magnetical observatories not being perhaps very clearly understood. Mr. 
Chambers’s application for efficient instruments seems, however, to have 
dropped out of consideration, and (to use an ordinary term) was “ shelved.”’ 
A renewal of the application made through Sir Bartle Frere, the Governor 
of Bombay, caused a second reference to the Astronomer Royal, from 
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whose official reply, printed by the Bombay Government, I extract the 
following passage :— 

“T should certainly recommend that any new magnetic observatory be 
furnished with magnetic instruments on the pattern of those at Kew. I 
would propose that an answer of this tenor be given to the Superintendent 
of the Bombay Observatory, that the Secretary of State for India in 
Council, having taken the opinion of the Astronomer Royal, approves 
highly of his (the Superintendent’s) acting in concert with the Kew Ob- 
servatory.”’ 

Still, possibly from inadvertence, Mr. Chambers’s application for the 
instruments required to enable him to obey the imstruction of “acting in 
concert with Kew’’ yet remains without a reply. In the meantime the 
cost of the observatory runs on, whilst the very valuable services for mag- 
netical science, approved and recommended by the Astronomer Royal, 
and which Mr. Chambers, having been educated at Kew, is singularly 
qualified to carry into execution, are in abeyance for want of the ne- 
cessary instrumental means to execute them, the whole cost of which would 
be under £400. We may hope that this eversight will shortly be rectified. 


The publication in the last year of the verification and extension of La 
Caille’s Arc of the Meridian in Southern Africa, by Sir Thomas Maclear, 
Astronomer at the Cape of Good Hope, announces the completion of a na- 
tional work, pursned unremittingly for above thirty years, and establishing 
by its result a conclusion too important in its scientific interest to pass with- 
out recognition by the Royal Society. Our sole knowledge of the figure 
of the southern hemisphere rests on the are of the meridian measured by 
La Caille, and now remeasured and extended,by Maclear. The original 
measurement, notwithstanding the well-known ability of the great astro- 
nomer under whose superintendence it was executed, has not commanded 
confidence. The degree inferred from it is far too great, and, if accepted, 
would lead to the conclusion that the dimensions of the two hemispheres 
are dissimilar. But La Caille’s triangles were observed with a quadrant, 
not with a circle, and were therefore hable to errors of eccentricity and of 
figure ; while the effects of local attraction, if recognized at all, were very 
imperfectly appreciated. ‘These considerations induced Maciear, shortly 
after his appointment to the Cape Observatory, to plan the verification 
which he has now accomplished. Pursuing the still earlier inquiries of 
Sir George Everest, he succeeded, though with considerable difficulty, in 
recovering La Caille’s terminal stations; and, aided by the advice and en- 
eouragement of Sir John Herschel (then at the Cape) and of the Astrc- 
nomer Royal, he commenced the work of a remeasurement in 1836. The 
proceedings were necessarily tedious ; the measurements of the base, of the 
triangles, and of the zenith distances were repeated to an extent and with 
precautions unpractised at the earlier period. ‘The zenith distances were 
observed with the sector with which Bradley discovered the aberration of 
light and the nutation of the earth’s axis, entrusted to Maciear by the Ad- 
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miralty ; and though made more fit for use in the field by improvements 
suggested by the Astronomer Royal, the transport of an instrument at once 
ponderous and delicate, through a wild and rugged country, was an under- 
taking of no ordinary difficulty ; but it was performed without injury. 
The terrestrial angles were taken with a 20-inch circle by Jones, and a 
smaller theodolite by Reichenbach, ‘both of remarkable precision. The 
base, from which all the distances were derived, was measured with the 
compensation bars used in the Irish Triangulation. Thus, in respect to 
the means employed, this are of the meridian may be regarded as inferior 
to none on record. A full account of the whole was completed in 1866, 
and has been published by the Admiralty in two quarto volumes. It does 
not confirm the abnormal value obtained by La Caille, but shows a probable 
cause for the discordance. La Caille’s northern station was in a hollow 
surrounded by mountains, one of which, half a mile distant to the north, 
was a mass of rock 2000 feet high, and others, at distances somewhat 
greater, were still near enough to create disturbance. A station so situated 
was obviously ill suited to be a terminal station ; and the triangulation was 

xtended across an immense plain of sand (the Bushman’s Flat) to a point 
without any visible source of local attraction. By this extension, and bya 
similar one to the south, Maclear’s arc has an amplitude nearly four times 
as great as that of La Caille, and is on this account, as well as on account 
of the greater accuracy in detail, far more deserving of confidence. The 
degree which is derived from it is 1133 feet shorter than that of La Caille ; 
and as La Caille’s is 1051 feet longer than that given by the spheroid, 
which, according to Airy, represents the average of northern arcs, it is evi- 
dently a near approximation to the truth. This is even more distinctly shown 
by the close agreement of the latitudes computed from the geodetic mea- 
surements with those given by the sector—that of the north extremity 
being 0-4 in defect, that of the south extremity 0'5 in excess. 


The Philosophical Transactions of the past year contain an important 
memoir by Mr. Abel, F.R.S., to which has been assigned the distinction of 
forming the Bakerian Lecture for the year. It is a most careful and 
exhaustive treatise upon the circumstances which influence the stadzlity of 
gun-cotton. He has made numerous experiments, both in the laboratory on 
small quantities, and in store upon large quantities, of the material; and 
some of his experiments have been carried on upon the same sample for 
three or four years. The results arrived at in these investigations show 
that gun-cotton, purified according to Von Lenk’s directions, may be kept 
either in the open air or in closed vessels, and may be exposed to diffused 
daylight for very long periods, without undergoing any change. The pre- 
servation of the material for between three and four years has been perfect. 
By prolonged exposure to sunlight, ordinary gun-cotton suffers a gradual 
decomposition, which is somewhat more rapid when the cotton is damp 
than when it is dry; but, even under these circumstances, the change pro- 
duced by several months of exposure is of a very trifling nature, and may 
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be counteracted by very simple means, which in no way interfere with the 
essential qualities of the material. All ordinary products contain small 
quantities of organic (azotized) impurities, which are comparatively unstable. 
It is the presence of these impurities in ordinary gun-cotton which gives 
rise to the development of free acid when the substance is exposed to a high 
temperature ; and the acid thus generated may eventually exert a destruc- 
tive action upon the pure portion of the mass (or true gun-cotton), and thus 
establish a decomposition which is materially accelerated by heat. Mr. Abel 
has, however, arrived at the important practical conclusion that this mis- 
chief can be averted by neutralizing the acid as it is liberated ; and this is 
readily effected by distributing through the finished gun-cotton a small 
quantity, say one per cent., of carbonate of soda. By adopting this precau- 
tion, damp gun-cotton may be stored, closely packed, in large quantities, 
and may be exposed to a heat equal to 212° Fahrenheit in confined spaces 
for long periods, without undergoing any alteration. ‘The introduction into 
the finished gun-cotton of one per cent. of carbonate of soda affords, there- 
fore, security to the material against any destructive effects of the highest 
temperature to which it is likely to be exposed, even under very exceptional 
climatic conditions. 

Actual immersion in water is not necessary for the most perfect preser- 
vation of gun-cotton. The material, if only damp to the touch, does not 
sustain the smallest change even if closely packed in large quantities. If 
as much water as possible be expelled from wet. gun-cotton by the centri- 
fugal extractor, the cotton is obtained in a condition which, though only 
damp to the touch, is perfectly non-explosive. It is therefore in this con- 
dition that all reserve stores of the substance should be preserved, and that 
it should be transported to distant places. The proper proportion of the 
carbonate of soda may be conveniently introduced by being dissolved in the 
water by which the gun-cotton is wetted. 

It is in this immunity from danger in storage and in transport that pro- 
perly prepared gun-cotton possesses so great an advantage over gunpowder. 

Mr. Abel has also elaborately investigated the effects of various kinds of 
defective preparation of gun-cotton, combined with systematically varied 
circumstances of exposure to heat, moisture, and light of the products so 
obtained. It is seen by these investigations that modifications in the pro- 
cesses of conversion and purification, which appear at first sight of a very 
trifling nature, exert most important influences on the composition and 
purity, and consequently on the stability, of the product. It is shown by 
Mr. Abel that to such causes are to be attributed the conclusions con- 
demnatory of gun-cotton which had been drawn by foreign chemists of con- 
siderable note. 

The distrust, not unreasonably entertained at the time, of the stability of 
the material, was a principal cause of the desire on the part of Her Majesty’s 
Government to refer the subject of gun-cotton to a Committee which should 
include some scientific members taken from the Royal Society. This great 
and primary question being now satisfactorily solved, the remaining secondary 


a: * - Anniversary Meeting. [Nov. 80, 


questions regarding the best forms or modes of adaptation of this material 
to some of the varied exigencies of the naval and military services, in which 
its employment might be preferable to that of gunpowder, may be regarded 
as more properly belonging to the executive professional officers of Her 
Majesty’s Navy and Army. 

I have the great satisfaction of stating, on the part of the Committee, 
that no injury to life or limb has taken place in the course of their experi- 


ments. 


At the Nottingham Meeting of the British Association, the sum of £100 
was granted to a Committee for the purpose of exploring the Tertiary 
Plant-beds of North Greenland. The collections of fossil vegetable remains 
from the arctic regions which had been brought to this country and pre- 
sented to various museums by Sir Leopold M‘Clintock, Capt. Inglefield, and 
others, have all been sent to Prof. Oswald Heer, of Zurich, so well known 
for his researches into the Tertiary Fossil Flora of EKurcpe. The similar 
collections which were preserved in the museums of Denmark and Sweden 
had also been submitted to the same authority ; and the results of his in- 
vestigation seem to show that North Greenland enjoyed, during part of the 
Tertiary epoch, a climate very much milder than that which is now expe- 
rienced in those latitudes. 

The description of the fossils is in process of publication by Prof. Heer ; 
and in order to procure additional information on this very interesting sub- 
ject, the grant was made by the Association. 

The Greenland Committee, finding that Mr. Edward Whymper, one of 
their members, was proceeding to Greenland in the summer of 1867, 
handed the entire sum over to him; and finding that additional funds 
would be requisite, they made application to the Reyal Society, who 
gave £200 from the Government Grant Fund, placed at the disposal of 
the Society. 

Mr. Whymper has now returned from Greenland with a large and valu- 
able collection of specimens. These will at once be subjected to examina- 
tion ; and when this work has been effected, a complete series of specimens 
will be deposited in the British Museum, according to the conditions of the 
grant, as made by the British Association and by the President and Council 


of the Royal Society. 


I proceed to the award of the Medals. 

The Copley Medal has been awarded to Karl Ernst von Baer of St. 
Petersburg, For. Memb. of the Royal Society, for his discoveries in Em- 
bryology and Comparative Anatomy, and for his contributions to the 
Philosophy of Zoology. 

Forty-one years ago it was believed by all the great authorities in ana- 
tomy and physiology that the embryos of man and of other AZammalia origi- 
nated in quite a different manner from those of oviparous animals. As to 
the latter, everyday observation of fowls, snakes, frogs, and fishes had been 
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sufficient to demonstrate, even without special scientific investigation, that 
their young arose within eggs, and that these egos were preformed within the 
body of the virgin female. Further, the researches of Fabricius, of Harvey, of 
Haller, of Caspar Friedrich Wolff, of Cruikshank, of Déllinger, of Pander, 
_ of Prevost and Dumas, and of Dutrochet and Cuvier had traced back the em- 
bryos of the Ovipara to a very early stage, and had thrown much light upon 
the changes undergone by those of the Mammalia. But the earliest condition 
of the mammalian embryo was unknown. MHaller’s authority was still pre- 
dominant ; and Haller’s researches had enabled him to discover in the mam- 
malian uterus, shortly after impregnation, nothing more than a semifluid 
substance, in which, it was imagined, the embryo appeared by a kind of 
crystallization. The origin of this semifluid embryonic matter was sought 
for in a mixture of the seminal fluid of the male with the contents of the 
remarkable vesicles long before discovered by De Graaf in the ovary of the 
female, and called after him the Graafian follicles. 

But in 1827 all such speculations were at once abolished, and the identity 
in mode of crigin between the embryos of the Mammalia and those of other 
animals was demonstrated by a young Professor in the University of Konigs- 
berg, whose unwearied patience, sagacity, and sharpsightedness had enabled 
him to trace back the foetus, step by step, to the minute egg, not a hun- 
dredth of an inch in diameter, to demonstrate that the Graafian follicle is 
simply the chamber in which that egg is contained, and to prove that the 
first step in mammalian generation, as in that of other animals, is the de- 
tachment of the egg from the organ of the parent in which it is developed. 

This capital discovery forms one of the grounds upon which the Copley 
Medal is to-day awarded to the sometime Professor in Konigsberg, but now, 
and for many years past, the honoured Academician of St. Petersburg, Karl 
Ernst von Baer. 

Von Baer’s great discovery was not the result of accident, but was the 
reward of long-continued and most laborious investigations into the deve- 
lopment, not only of the chick and of the mammalian embryo, but of other 
animals. ‘The first part of a great work entitled ‘“‘ Ueber Entwickelungs- 
geschichte der Thiere. Beobachtungen und Reflexionen,” embodying some 
of the results of these inquiries, and mainly of the investigations into the 
development of the chick, appeared in 1828; the second part, in which 
the mammalia are chiefly treated of, was published in 1837. 

It is impossible to overestimate the value of this remarkable book, or to 
doubt the great influence which it has exerted, and still exerts, upon the 
growth of a sound philosophy of Biology. 

At the time of its appearance there was nothing that could be compared 
with it, as a special monograph upon the formation of the chick, or as a 
treasury of accurately observed facts respecting the development of the 
Vertebrata in general, or as an exposition of the significance of development 
and of the bearing of the study of embryology upon classification. And, 
as a whole, it may be safely said that it remains at the present day, though 
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surrounded by the splendid works of Rathke, Bischoff, Remak, Coste, and 


others, primus inter pares. 

It is to Von Baer that we owe the great generalization that all develop- 
ment is a progress from the general to the special—a law which has its ap- 
plication in wide regions not contemplated byits author. It is to him that 
we are indebted for the truth that zoological affinity is the expression of 
similarity of development, and that the different great types of animal 
structure are the result of different modes of development. 

The authorship of the ‘ Entwickelungsgeschichte der Thiere,’ and of the 
‘ Beitrage zur Kenntniss der niederen Thiere ’ (1824-26), would have suffi- 
ciently justified the award of the Copley Medal to Von Baer had he not 
been the discoverer of the mammalian ovum. ~ 

Besides these labours of primary importance, the energy, versatility, and 
wide learning of Von Baer have been shown in multitudinous other direc- 
tions—in numerous memoirs on Comparative Anatomy, Systematic Zoology, 
and Zoological Distribution, in most valuable and original essays on An- 
thropology and Ethnology, and in scientific expeditions to different parts of 
the widespread Russian Empire, from Nowaja Zemlja to the Caspian. 


Von Baer was born in Esthonia in the year 1792. His father was a gentle- 
man of landed property and ‘ Ritterschafts-Hauptman” of Esthonia. Two 
years ago, on the occasion of the fiftieth anniversary of the venerable Academi- 
cian’s Doctorate, the nobility of Esthonia, headed by their present Ritter- 
schafts-Hauptman, the Baron von der Pahlen, formed themselves into an as- 
sociation for the purpose of celebrating the occasion ; and as a memento of 
proceedings honourable alike to their eminent countryman and to themselves, 
published the autobiography which he wrote at their request with all the ac- 
cessories of typographic luxury. Thirty-six years ago the Académie des 
Sciences of Paris, at the instance of Humboldt, and on the report of Cuvier, 
awarded Von Baer a medal. In 1854 he was chosen a Foreign Member of 
the Royal Society. 

We may rejoice that it is not yet too late to offer the highest honour at 
the disposal of the Royal Society of London to a man who has so long been 
recognized on the continent as one of the great lights of biological science, 
who will take his place hereafter beside Cuvier, Wolff, and Harvey. 


Proressor MILLER, 

I will request you, on the part of the Society, to transmit this Medal to 
our venerated colleague, Dr. von Baer, and to express to him our hope that 
this testimonial of the very high esteem in which the labours of his life are 
held in England will be a welcome and valued addition to the honours which 


fitly crown his latter years. 


The Council have awarded a Royal Medal to Messrs. John Bennet Lawes 
and Joseph Henry Gilbert for their researches in Agricultural Chemistry. 


Messrs. Lawes & Gilbert have been engaged for the last twenty-four 
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years in a systematic series of researches upon Agricultural Chemistry, with 
a view of determining, by exact experiments, the principles, chemical and 
physiological, which are involved in the general and fundamental processes 
of successful agriculture. 

These investigations have embraced :— 

1. Researches into the exhaustion of soils, including experiments on 
wheat, on barley, on turnips, on clover, and leguminous crops. 

2. Researches on the principles of rotation and fallow. 

3. On the mixed herbage of grass-land. 

4, On the process of vegetation generally, including researches upon the 
action of manures. 

5. On the origin of nitrogen in plants (Phil. Trans. 1861). 

6. Researches on the feeding and fattening of animals (Phil. Trans. 
1859). 

It is difficult to give in a short compass the practical conclusions arrived 
at from a series of investigations upon a number of subjects each so com- 
plicated in its nature, so important in its object, and continued systemati- 
cally over so protracted a period. At the time your medallists commenced 
their experiments it was generally supposed that certain saline bodies, or 
so-called mineral constituents, were essential to the growth and develop- 
ment of the plant, and that such substances must be furnished to it by the 
soil. The necessity of a certain quantity of nitrogen was also recognized ; 
but it was imagined, since wild plants could thrive without any artificial 
supply of nitrogen, that a sufficient amount of this element existed in the 
atmosphere (in the form chiefly of salts of ammonia) to render it unnecessary 
to take any steps for increasing this supply ; and it was supposed that the 
fertility of a soil might be maintained for an indefinite period if the different 
mineral constituents carried off by the crop were annually returned in due 
quantity as mineral manure to the soil. 

This méneral-ash theory, as it was termed, was proposed by Liebig; but 
it has been proved by Messrs. Lawes & Gilbert to be erroneous, as it em- 
braces a part only of the truth. 

The field experiments upon which this conclusion rests were commenced 
in 1843. Fourteen acres, divided into about twenty plots, were devoted to 
experiments upon wheat, and seven acres, divided into about twenty-four 
plots, to experiments upon turnips. Subsequently similar experiments were 
made upon beans, clover, barley, and the mixed herbage of permanent 
meadow-land. The general plan of the field experiments consisted in se- 
lecting fields in a condition of agricultural exhaustion, that is, in a state in 
which a fresh supply of manure was needed to fit the soil for the growth of 
another crop. Upon this exhausted soil each of the most important crops 
in the rotation were grown, year after year, upon the same spot, both with- 
out manure and with many different descriptions of manure, each of which 
was, as a rule, applied year after year to the same plot. By this means it 
was possible to determine the point of relative exhaustion or excessive sup- 
ply of any of the constituents of the manure. 
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Wheat, for example, was grown year after year upon the same land for 
twenty-four years ; turnips (with an interval of three years) for twenty- 
five years ; and in the experiments on rotation (which comprised the “ four 
course”’ of turnips, barley, leguminous crop [or fallow], and wheat) the 
- last of the fifth ‘‘ four course” rotation was completed, comprising twenty 
years in all. 

Parallel with the field experiments, records relating to the fall of 
rain, atmospheric pressure, temperature of the air, and of the dew-point 
were kept or collated, so as to enable the observers to ascertain the 
effects of the varying season upon the quantity and quality of the field 
produce. 

It soon became evident that much remained to be done in perfecting 
the methods of chemical analysis before comparative analyses could afford 
much assistance in determining the relative productiveness of different 
soils; and to this object our medallists addressed themselves both with 
skill and success. 

The practical value of these experiments may be seen from the fact 
that, taking the results of twenty years, the annual average produce in 
bushels of wheat per acre without manure was 164, with farmyard 
manure exactly double, and with artificial manures 352 bushels, the 
latter being considerably more than the average produce of Great Britain 
when wheat is grown in the ordinary course. 

The produce of wheat grown successively on the same plot without 
manure scarcely altered from year to year, whilst that of the turnips be- 
came reduced to nothing; the effect of a manure of superphosphate being 
most marked upon the turnips, whilst the employment of salts of ammonia 
mixed with alkaline salts and phosphates was most suitable for wheat, 
although these are not the manures indicated by a simple analysis of the 
ashes of the two crops. The authors remark, “ Indeed the whole ten- 
dency of agricultural investigation seems to show the fallacy of alone 
relying upon the knowledge of the composition of a crop, as directing to 
the constituents probably more especially required to be provided for it by 
manures; and rather that the elucidation of agricultural principles must 
be looked for from a due consideration of Vegetable Physiology, as well 
as Chemistry, of the special functional peculiarities and resources of dif- 
ferent plants, as well as their actual percentage composition.” 

The investigation into the feeding of animals was even more laborious ; 
but it was a necessary complement to the experiments upon the growth of 
crops. It was directed to the solution of the following among other im- 
portant problems :— 

1. The amount of food consumed, and its several neh tusateh in rela- 
tion to the production of a given live weight, for different animals. 

2. The comparative development of the different organs in the fattening 
of animals, and their composition. | 

3. The relation of the manure produced, both in quantity and quality, 
to the food consumed. 
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4. The expenditure or loss, by respiration and exhalation of the animal, 
considered as a meat-producing and manure-making machine. 

It is impossible to go into detail in this portion of the inquiry, the 
principal results of which are given ina paper published in the Philoso- 
phical Transactions for the year 1859. 

It may be sufficient to sum up these remarks by stating that the various 
inquiries to which a brief reference has been made, have been conducted 
with a skill, perseverance, and success which have placed their authors, by 
general consent, at the head of those who have pursued this important 
branch of experimental inquiry. 


Mr. Lawes and Mr. GinsBeErt, 

Receive this Medal in testimony of the Royal Society’s recognition of 
your joint labours, and of their approval of the object to which those 
labours have been directed,—which, while not outstepping the wide limits 
of a Society devoted to the promotion of natural knowledge, is yet in an 
unusual degree connected with the supply of man’s primary wants. It 
will, I trust, be more especially prized by you as marking the Society’s 
high appreciation of the long devotion, the patient unbiassed desire for 
truth, and the sound scientific manner of proceeding which have charac- 
terized your investigations. 


The Council have awarded a Royal Medal to Sir William Logan for his 
geclogical researches in Canada, and the construction of a gevlogical map 
of that colony. 

Sir William Logan was early known to English geologists for very meri- 
torious work in the Coal-fields of South Wales, which was highly approved 
at the time by the authorities of the English Geological Survey, and is un- 
derstood to have furnished the model for similar surveys in other British 
Coal-fields. ; 

In 1843 he undertook the direction of the Geological Survey of his na- 
tive country, Canada, instituted by the Provincial Government. The re- 
sults of this survey have been published in Annual Reports ; and a large and 
important volume was published in 1863, condensing the whole of the 
geological and paleontological information which had been amassed by Sir 
William and the assistants who acted under his direction. 

Under difficulties of which British geologists acquainted with both coun- 
tries affirm that little idea can be formed here, he has made clear-the rela- 
tions of all the formations of Canada to each other. ‘These consist of 
Lower and Upper Laurentian rocks, Huronian, numerous divisions of the 
Lower and Upper Silurian strata, and the Devonian series. Most of these 
he correlated as far as possible with the European series and with the sub- 
divisions described by the American geologists of the United States. 

One of the most important services that Sir W. Logan has rendered to 
geological science was the discovery of the relations of the Laurentian rocks 
to each other and to the later formations. These Laurentian rocks had 
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been previously only called granite and gneiss, and vaguely confounded with 
granitic and gneissic rocks of Silurian age.. Sir William first proved their 
great antiquity by showing that they consist of strata which had been in- 
tensely disturbed and metamorphosed before the deposition of the oldest - 
Silurian beds. Next, he showed that the Laurentian rocks consist of two 
series of metamorphic strata, and that the Upper Laurentian strata or gneiss 
lies quite unconformably on the Lower Laurentian masses. Thirdly, he 
made the important discovery of the Hozoon Canadense in the Limestone 
beds of the Lower Laurentian series. 

The great importance of this discovery hecomes manifest when we con- 
sider the evidence of the enormous antiquity of the strata thus proved to be 
fossiliferous, compared with the Lingula-flags and Cambrian sarata, in 
which the oldest previously known fossils had been found. It has seriously 
modified the speculative opinions of many geologists and zoologists. 


Proressor RAMSAY, 

I will beg you to transmit this Medal to Sr William Logan, in testimony 
of the appreciation by the Royal Society of his arduous labours in the 
accomplishment of the great work of the Geological Survey of Canada, 
of the critical skill and acumen which he has manifested in its course, and 
of the high scientific importance of the discoveries which have been esta- 


blished by his investigations. 


On the motion of Dr. Alderson, Coll. Reg. Med. Preeses, seconded by 
by Mr. Ceesar Hawkins, it was resolved,—‘ That the thanks of the Society 
be returned to the President for his Address, and that he be requested to 
allow it to be printed.” 

The Statutes relating to the election of Council and Officers having 
been read, and Mr. Curling and Mr. Hogg having been, with the con- 
sent cf the Society, nominated Scrutators, the votes of the Fellows 
present were collected, and the following were declared duly elected as 
Council and Officers for the ensuing year :— 

President.—Lieut.-General Edward Sabine, R.A., D.C.L., LL.D. 
Treasurer.—William Allen Miller, M.D., LL.D. 
oes ee eae Sharpey, M.D., LL.D. 
George Gabriel Stokes, Esq., M.A., D.C.L., LL.D. 

Foreign Secretary.—Professor William Hallows Miller, M.A., LL.D. 

Other Members of the Council.— Frederick Augustus Abel, Esq.; Wil- 
liam Benjamin Carpenter, M.D.; Prof. A. Cayley, LL.D.; J. Lockhart 
Clarke, Esq.; John Evans, Esq.; Capt. Douglas Galton, C.B.; John 
Peter Gassiot, Esq.; John Hall Gladstone, Esq., Ph.D.; Sir Rowland 
Mill, K.C.B., D.C.L.; Wiliam Huggins, Esq.; Prof. Thomas Henry 
Huxley, Ph.D.; Prof. John Phillips, M.A., LL.D; Prof. Andrew 
Crombie Ramsay, LL.D.; Colonel William James Smythe, R.A. ; Lieut.- 
Col. Alexander Strange ; Thomas Thomson, M.D. 

The thanks of the Society were voted to the Scrutators. 
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The following Table shows the progress and present state of the Society 
with respect to the number of Fellows :— 


‘Patron 
: Com- £2 12s. £4 

eae | Oa pounders. | annually. | annually. | foe 
November 30, 1866. 5 49 302 3 267 626 
sinee elected. .”...~ . +6 +10 |4+16 
Since compounded. . +2 —9 
Since deceased .... —] —12 —] —ll |—25 
November 30, 1867. 5 48 298 jp 264 617 


“ Observations on the Anatomy of the Thyroid Body in Man.” By 
Grorce W. Cautenper, Lecturer on Anatomy at St. Bartho- 
lomew’s Hospital. Communicated by Jamrs Paget, Esq. Re- 
ceived June 8, 1867*. 


By examination of the thyroid body in the foetus, we learn that it has 
from an early period, much the same relations and appearances as belong 
to it in childhood, and during the adult condition, and we observe those 
diversities of its parts which are exceptionally recognized during the later 
periods of life. We may thus trace out the origin of such exceptional 
conditions, and notice, more especially, how the isthmus of Eustachius 
and the pyramid of Lalouette are connected with the formation of the 
thyroid, and depend for their after characters upon early changes during 
development of size. 

As I have reason to believe that the formation of the thyroid in man 
may be fairly reexamined, I shall venture to refer, in the first place, to 
some of the opinions advanced with regard to its earliest appearances. 

_ The late Mr. Gray + has alluded to the views of Huschke, Arnold, Bis- 
choff, and Goodsir, respecting the development of this body. It is enough 
for my present purpose to state that Arnold considered the thyroid to be 
developed from the membranous air-tube, where the larynx is formed, 
whilst Goodsirt thought that it originated in that portion of the mem- 
brana intermedia of Reichert which remains in connexion with the anas- 
tomosing vessels between the first and second aortic arches, or carotid aud 

* Read June 20, 1867: see abstract, p. 24. 


t+ Philosophical Transactions, 1852. 
{ Philosophical Transactions, 1846. 
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subclavian arteries. At first, he states, no isthmus is observed (in sheep), 
but presently lateral masses join across and in front of the base of the 
heart and root of the neck. Then the thyroid separates from the thymus, 
from which it differs in not being divided into lobules. Simon* has no 
reason for believing that its origin has any particular relation to that of 
the thymus. Undoubtedly, he adds, there is a period when it is im- 
possible to say how much of the unshaped blastema of the neck belongs 
to one organ, how much to another, but so soon as the microscope can 
discover the first traces of their development, it likewise affords unques- 
tionable evidence of their distinctness, and shows each as separate in itself, 
and as peculiar in structure, as at any later period of growth. 

Handfield Jones+ found in a foetal sheep two inches long that the thy- 
roid presented the usual appearance; it possessed an isthmus, and in a 
human fcetus of four months and a half, the isthmus appeared of the same 
standing as the lateral masses. 

The absence of an isthmus in an entire class, that of birds, the observa- 
tions of Gray on the formation of this body im the chick, and the sugges- 
tions of Meckel, Cruveilhier and others, countenance the supposition that 
the thyroid is developed from two lateral masses. ? 

There are no reliable observations respecting the development of the 
pyramid, but Haller and Arnold have hazarded the opinion that it is pro- 
bably the duct of the thyroid during fcetal life. 

In describing the following dissections, I may state that the specimens 
were examined as they came into my possession without selection, save for 
age, so that they may be assumed to represent very fairly the conditions 
commonly existing during fcetal life. 7 : 

In a human feetus, measuring in length eight-tenths of an inch (be- 
tween the seventh and eighth week), the thyroid is a body of a pale yel- 
lowish colour, lying across the front of the trachea, just below the mass 
out of which the cartilages of the larynx are being developed. It is 
closely connected with the trachea and with the lower edge of the larynx, 
either of which would be torn in endeavouring to remove it, but the thy- 
roid is easily uncovered by stripping off the parts superficial to it, and 
has no connexion with these or with the thymus (fig. 1). Although 
consisting at this period of but one piece, the thyroid is deeply notched, 
and thus looks as though made up of three distinct lobes, one sometimes 
bifid, in the centre, and this is the smallest, and another on either side 
elongated and inclined upwards by the side of the larynx. Similar divi- 
sions are seen in a foetus measuring two inches and eight-tenths in length 
(fig. 2)$, the thyroid consisting of three lobes, one being central, a 


* Essay on the Thymus Gland, 1845. 

t Cyclopedia of Anatomy and Physiology, Art. Thyroid. 

t This specimen is in the Museum of St. Bartholomew’s Hospital. 
§ See also specimen No. I. 
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second on the right side, measuring one-tenth of an inch from end to 
end, and a third on the left side, measuring one-fourteenth of an inch. 


Relations with the Thymus. 


That the counexions of the thyroid are from the first with the larynx 
and trachea, rather than with the thymus, is rendered more probable by 
the appearances observed in the young of animals. In a foetal rabbit 
(fig. 3)*, eight-tenths of an inch long, the thymus may be seen to con- 
sist of two lobulated masses, lying side by side just above the heart 
and its great vessels, broader at the base towards the thorax, diverging a 
little as they pass upwards, and ending in the root of the neck by a 
somewhat pointed extremity. The trachea in the middle line is sur- 
mounted by the larynx, but at its upper extremity is a minute elevation, 
contrasting by its pale colour with adjacent parts; and connected with this 
are two divergent ridges, of the same pale colour, which embrace, horse- 
shoe fashion, the lower portion of the larynx, tapering as they ascend, 
and resembling, so far as the mere look is concerned, the division of 
the trachea at its lower extremity into the two bronchi. In a feetal pig 
(fig. 4)+, one inch and two-tenths in length, the thyroid is notched 
below, thus acquiring, though somewhat indistinctly, a three-lobed ap- 
pearance; and here also, whilst firmly attached to the trachea, it is no way 
visibly in relation with the thymus. 

One cannot but be attracted by this connexion with the trachea, on 
which tube the thyroid (even if it be not developed from the membranous 
air-tube) buds and attains some little size, a formation reminding one of that 
of the lungs coming out from the front wall of the cesophagus, that is, from 
the trachea, and of the view of Mr. Simon, as afterwards expressed by the 
editors of Cuvier { respecting the thyroid, ‘‘C’est la fausse branchie, bran- 
- chiole des poissons.”’ Indeed, from its relation to the air-tube during the 
early period of life, or in fish to the vertebral or hyoidal extremity of the 
gill, from its curious alternation with the supplementary gill of Broussonet§, 
and from its structure (Kélliker), it may be not inaptly referred to as a 
pseudo-lung rather than as an associate with the thymus and the so-called 
ductless glands. 

I may add that, in the human foetus, no distinct evidence of the thyroid 
appears to me to exist before the sixth week, up to which time it cannot, I 
believe, be isolated from the structures in the front of the neck ; it seems 
to come out from the blastema in the form of a mass in front of the 
trachea, which quickly acquires an imperfectly lobed condition, but I have 
not been able to distinguish at any period, during development of size, 
three completely distinct parts. 

* See also specimen No. 8. 
t See also specimen No. 9. 


{ Legons d’anatomie comparée, 2me édit. tom vii. 1846, p. 678. 
§ Simon, Philosophical Transactions, 1844, p. 301. 
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The Isthmus. 


In the dissections already referred to, the presence of a middle portion, 
and its equal development with the lateral lobes, leads to the inference 
that this central part is present from the earliest period, and that the thy- 
roid isthmus is not formed by a growing together of two distinct side- 
pieces. Yet in the human feetus, at four months, Fleischmann and Meckel 
say that they found, as they described them, two lateral lobes only; and 
the hare, for example, has been written of as having but two distinct lateral 
masses, as also were the Cetacea until Professor Turner* explained that the 
thyroid of a well-grown male porpoise was a single mass extending across 
the trachea, of which the median portion could hardly be described as an 
intervening isthmus; for in its supero-inferior diameter it equalled that of 
the lateral portion. In addition, however, to the dissections already de- 
tailed, I have examined the thyroid in feetal: hares, and have always found 
the middle portion equally developed with the side lobes, and bounded by 
notches, which seem to define it from them (fig. 5). With the growth 
of this foetus, as also in the young of cats and of dogs, I have observed 
that the central part appears to flatten and to lose the rounded lobular 
condition, and sometimes it disappears altogether. 


The Lobes. 


Whilst, however, three lobes are chiefly indicated, lesser notches may 
be occasionally seen, and continue to be noticeable as the foetus grows, 
though they are very irregular and uncertain. Thus in a human feetus, 
three inches and nine-tenths long, the left lobe (fig. 6)f is divided 
into two portions by a deep fissure, one-half of it ascending to the left of 
the middle line in front of the cricoid and thyroid cartilages, and there 
are other notches faintly outlining a middle lobe. In a foetus four inches 
and three-tenths long, the middle lobe is bifid, a cleft dividing it above ; 
and in another foetus, four inches and six-tenths long, the entire thyroid 
is very irregularly formed, broken into several lobes, but still showing at 
its lower margin a division into three chief portions (figs. 7 & 8)f. 
Here also a process ascends, budding out from the left side, tapers almost 
to a point, and ends by being fixed to the under surface of the os 
hyoides. 

Omitting lesser varieties, I will describe the following. The thyroid 
from a foetus eight inches and seven-tenths long (fig. 10)§, consists 
of two chief lobes, which meet, but are not united, in the middle line, 
being separated by a deep fissure. From the left lobe, just anterior to 
the lower angle of the thyroid cartilage, a small process projects upwards, 


* Transactions of the Royal Society of Edinburgh, vol. xxii. p. 320. 
+ This specimen is in the Museum of St. Bartholomew’s Hospital. 
t See also specimens Nos. 2 and 3. 

§ See also specimen No. 6. 
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and resembles the base of the process in either figure 6 or 7, wanting the 
stalk-like continuation towards the os hyoides. The right lobe is some- 
what irregular along its upper border; but just where it reaches the 
middle line there is a lozenge-shaped piece of gland, more closely con- 
nected with the right than with the left lobe, from which latter it is sepa- 
rated by a distinct fissure, a faintly marked line extending above for a short 
distance between it and the right lobe. This lozenge-shaped portion ascends, 
and is adherent to the lower notch in the middle line of the thyroid carti- 
. lage; its extremities are pointed, and the lower one just falls short of the 
level of the inferior margin of the lateral masses. In another foetus (fig. 
11)*, the left lobe, three-tenths and a half of an inch in length, is irregu- 
larly and slightly notched. The right lobe, traced towards the middle line, 
shows scarce a sign of a middle portion; but there is a small distinct mass 
adhering closely to it, and this narrowing rapidly, becomes over the thy- 
roid a slender band, and can be traced upwards until it ends by adhering 
to the posterior inferior surface of the hyoid bone. » 

The evidence obtained from these dissections goes to show that the thy- 
roid is connected, in man, from a very early period with the upper portion 
of the air-tube. It does not consist, at all events after the seventh week, 
of distinct lateral masses, and the appearances it presents at that date are 
in favour of the middle portion being of equal standing with the rest. 
It is marked out, more or less distinctly, into three principal parts or 
lobes, but these are united at the seventh week of foetal life and form, 
save exceptionally, one thyroid body. : 

The isthmus appears to consist of the smaller middle division uniting 
the other two, but there may be an absence of isthmus through failure of 
this union}, the middle portion joining the right or left lobe, and thus 
making one lateral portion larger than the other, a condition sometimes 
recognized in the adult; or a small middle lobe may remain distinct 
(fig. 10), and this, with the various irregularities observable in the 
lateral portions, may account for the partial and isolated outgrowths of 
this body in various forms of goitret. 

The pyramid of Lalouette may be seen in figs. 6, 7, 8, 10, and 11, 
where it is drawn as springing from the middle, the right and the left of 
the thyroid. It is very commonly met with in the feetus, and is clearly an 
outlying part of the body, of which the buds seen in figs. 7 and 10 are the 
simplest forms, and the cleft of the left lobe in fig. 6, or the distinct pro- 
cess in fig. 8, the larger development, Just as the cornua of the thyroid 
body are fixed by fibrous tissue to the wings of the hyoid bone, so also, as 
would be expected, any one of these processes is equally fixed to one of 
the adjacent cartilages, or, if prolonged upwards, to the os hyoides, as in 


* See also specimen No. 7. 

t See Sir Astley Cooper’s specimens in the Museum of the College of Surgeons, O. 38. 

{ In the Museum of the College of Surgeons is a specimen showing enlargement of 
the middle lobe of the thyroid, No. 1504. 
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fig. 11. In the adult, the pyramid is less often met with than in the foetus* 

I found it in some form or other, in ten out of forty-two adult male sub- 

jects, in the fcetus four times in eight. Thus it is probable that these out- 

growths from the fcetal thyroid often shrink and disappear with advancing 
years. 


1 2 
wt a 
& 
eS : 
7 8 


Explanation of Figures. 


Fig. 1. Thyroid from human fetus (eight-tenths of an inch long), about three times 
the natural size. 

Fig. 2. Thyroid from human foetus (two inches and eight-tenths long), natural size. 

Fig. 3. Thyroid from fcetal rabbit (eight-tenths of an inch long), about three times 
the natural size. 

Fig. 4. Thyroid from fetal pig (one inch and two-tenths long), about three times 
the natural size. 

Fig. 5. Thyroid from fcetal hare (six inches long), natural size. 

Fig. 6. Thyroid body from human feetus (three inches and nineaeate long). 

Fig. 7. The same (four inches and three-tenths long). 

Fig. 8. The same (four inches and six-tenths long). 

Fig. 9. The same (six inches and four-tenths long). 

Fig. 10. The same (eight inches and seven-tenths long). 

Fig 11. The same (twelve inches long). 

Figs. 6-11 are drawn, by measurement, the exact natural size. 
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December 5, 1867. 


Dr. WILLIAM ALLEN MILLER, Treasurer and Vice-President, 
in the Chair. 


It was announced from the Chair that the President had appointed the 
following Members of Council to be Vice-Presidents :— 


The Treasurer, 
Dr. Carpenter, 
Mr. Gassiot. 


In accordance with the notice given at the last Meeting, the question of 
Col. Le Couteur’s readmission into the Society was put to the ballot, and, 
the ballot having been taken, Col. Le Couteur was declared to be re- 
admitted. 


The following communications were read :— 


I. “Qn some Alterations in the Composition of Carbonate-of- 
Lime Waters, depending on the influence of Vegetation, Animal 
Life, and Season.” By Rosrerr Warineton, F.R.S., F.C.S. 
Received October 19, 1867. 


In carrying out through a series of years the principles of the aquarium 
for sustaining animal life in a confined and limited portion of water through 
the medium of growing vegetation *, I had observed that, during the sum- 
mer months of the year, a considerable deposit made its appearance on the 
leaves of the plants and the glass front of the containing vessel, which was 
found to consist of carbonate of lime in a crystalline condition. This de- 
posit formed a nidus for the growth of confervoid vegetation, which, at cer- 
tain seasons of the year, increased very rapidly. ‘These observations were 
alluded to at one of the Friday-evening meetings of the Royal Institution, 
March 27, 1857, when portions of the deposit were exhibited, and its com- 
position demonstrated by experiment. 

The formation of this deposit was then explained as arising from the fact 
that, as the summer season advances, and we have a longer continuance and 
also a greater intensity of the light of the sun, the absorption and conse- 
quent decomposition of carbonic acid by the plants is carried to a much 
greater extent, while the quantity of carbonic acid produced by the fish re- 
mains unchanged. The solvent of the carbonate of lime contained in the 
water being thus withdrawn, a deposit slowly takes place, incrusting the 
sides of the tank, particularly towards the light, where the confervoid 
growth, consequent upon it, accumulates in large quantities. 

In continuing these observations, my attention was particularly arrested 
by the steady increase of deposition, attendant upon the renewed activity of 
the leaves, during the spring; and this determined me to ascertain by expe- 
riment the quantity of carbonate of lime existent in the water at fixed 

* Quarterly Journal of the Chemical Society, vol. ii. p. 52. 
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intervals during a long period of time. And inasmuch as the degrees of 
hardness, indicated by the measures of Clark’s soap-test, presented a very 
ready, accurate, and simple means of arriving at this result, that mode of 
estimation was adopted, care being taken to displace any uncombined car- 
bonic acid by agitating the sample with atmospheric air prior to the addition 
of the test, as directed by Dr. Clark, the indications or degrees thus ob- 
tained representing the quantity of lime-salts contained in an imperial gallon 
of the sample (70:000 grains of distilled water) in terms of carbonate of 
lime. | 

In order that the nature of the experiment may be more clearly under- 
stood, it will perhaps be better for me, before stating the results thus 
obtained, to describe briefly the construction and arrangement of the 
aquarium, its position, and its contents. The tank consisted of a rectan- 
gular zine framing, twenty inches long by thirteen broad, and twenty-one 
in depth, having slate cemented into it at the bottom and sides, and being 
glazed at the back and front. It was filled with water to the height of 
twelve inches, or a volume equal to ten gallons, and on the slate sides were 
cemented, at the water-line, ledges of rockwork composed of sandstone and 
tufaceous limestone from Matlock, on which were planted a few ferns, 
chiefly Trichomanes, for ornament. The bottom of the tank was covered, 
for about two inches, with a mixture of sandy loam and gravel, into which 
several plants of the Vailisneria spiralis, the vegetable member of the ar- 
rangement, were inserted. Some large fragments of rough rockwork, 
principally limestone, were also placed upright on the bottom to break up 
the stiff outlme of the square framing, and give a pleasing effect to the eye. 
The animal branch of the circle consisted of four small crucian carp with a 
gold carp. Several freshwater mollusks, principally Planorbis corneus 
and Limneus palustris, were also introduced to act as scavengers and con- 
sume the decaying vegetation. ‘The tank was loosely covered with a plate 
of glass, so as to allow of a free admission of the external air, and at the 
same time keep out a great deal of the soot and dust of the London eatmo- 
sphere and impede the too rapid evaporation of the water. As the Tricho- 
manes were stated to delight in shade, a thin muslin blind was placed over 
the covering glass. 

The aquarium was located in a window-way having an eastern aspect, but, 
being surrounded within a few yards by the high walls of adjoining houses, 
the direct rays of the sun only reached it for about three hours in the 
morning during the months of June and July. It was established in 
January 1851, and has not since been disturbed, except by occasional sup- 
plies of distilled or ram-water, to replace the loss in volume arising from 
evaporation. It had been my custom to weed out the excessive growth of 
the Vallisneria during the summer, and also to remove some of the flaky de- 
posit of calcareous matter from the surface cf the glass nearest the light ; 
but as I considered that such disturbances might interfere with the course 
of the investigation, these operations were discontinued. 
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The results that have been obtained from this investigation during the 
years 1861 and 1862 are as follows :—_ 


e degrees of hardness, or grains of lime-salts, 
Eeal- March 13°... . 26° 


2 per imperial gallon, in terms of carbonate 
of lime. 
May EE ORS 29 9 
July SS ra A) - » 
muss’ Pes. S96 $5 ne 
Bepe 17.Sae 150 “s » 
Oct. See eR as5 or) 2” 
Noy. TOSS APS S26 33 9 
Dee. HE 2. QOH i ” 
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Feb. Sie a8 39 ” 
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mepril ©3224. 21°0 a » 
May 2. 19-0 - % 
June BGS 3G 5 s » 
July AS PAO “: »9 
August 5. 12°0 “5 9 
Sept. Re. P25 9 39 


The amount of calcareous matter dissolved will be seen to have steadily 
decreased during the spring and summer months, from its maximum in 
March 1861 and February 1862 to its minimum in July 1861 and August 
1862, and then to have increased as steadily during the autumn and winter 
months. 

Part of this hardness, however, unquestionably arose from the presence 
in the water of other saits of lime besides the carbonate. To determine 
how much was the next point for investigation. Portions of the water 
were taken on several oceasions and boiled for a considerable time, filtered, 
and the volume restored to its original bulk with distilled water. Qn ex- 
amining these portions with the scap-test, it was found that the hardness 
was lowered to 5°6 degrees, equivalent to 5°6 grains of carbonate of lime. 
But masmuch as carbonate of lime is soluble in water to the extent of 
2°4 grains in the imperial gallon*, this will be reduced to 3:2 grains, which 
amount will therefore have to be deducted from each of the above results, 
in erder to arrive at the true quantity cf carbonate present in solution. 

The maximum and minimum results will then stand thus :— 


CaO, CO, in the CaO, CO, in the 

imperial gallon. imperial gallon, 
Maximum...... o Maximum...... 21°8 
1961. { aximum 230 1862. aximum ¢ 
Minimum ...... 9°3 Minimum .....°. 8°8 


* Chemical Report on the Supply of Water to the Metropolis, June 17, 1851, by 
Messrs. Graham, Miller, and Hofmann; and Quarterly Journal of the Chemical Society, 
vol. iv, p. 381. ; 

the 
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The data thus obtained will help to elucidate several very important and 
interesting phenomena in respect to all the three elements of the arrange- 
ment—the water, the fish, and the vegetation. 


l. The Water. 


The importance of growing submerged vegetation in maintaining waters, 
rich in carbonate of lime, in a meliorated state by diminishing their hard- 
ness has been clearly demonstrated by the foregoing data; and how neces- 
sary, therefore, it is that this association should be kept in view whenever 
a soft and healthful water is required for domestic purposes. Unfortunately 
this appears hitherto not to have been well understood, or at all events has 
been little attended to, since the very agent which has been provided na- 
turally for effecting these beneficial results has been most commonly 
regarded as an evil, and studiously eradicated in all directions. These data 
will also explain the cause of the rapid growth of vegetation in well-waters 
rich in carbonic acid, when pumped into tanks or reservoirs and exposed to 
the full light of day. The plant-germs, naturally contained in the water 
or absorbed from the atmosphere, being supplied with an abundance of ap- 
propriate nourishment, rapidly vegetate, and the containing vessels, parti- 
cularly during the summer months, soon become thickly coated with a 
dense confervoid growth. . 

It will also follow that all fish, as generators of carbonic acid, should be 
excluded from waters flowing over carbonate-of-lime strata, and mtended 
for the supply of towns &c., as tending to increase their hardness. Of 
course the absence of calcareous matter would prevent such an effect taking 
place—a fact borne out by the well-known softness of springs and rivers 
flowing out of or over granite or sandstone rocks, even when thickly inha- 
bited by the scaly tribe. : 

2. The Fish. 

It is well known that water has the property of absorbing air from the sur- 
rounding atmosphere, and holding it in solution to the extent of from one- 
fortieth to one-thirtieth of its volume, not, however, without somewhat 
changing the proportion of its constituents; for when the absorbed air is 
abstracted from water it usually contains about thirty-two per cent. of oxy- 
gen gas, instead of twenty-one. This oxygen is converted by the respiration 
of the fish into carbonic acid, which is held dissolved by a still stronger 
affinity, the water being capable of retaining as much as its own volume 
of this gas in solution at the ordinary temperature and pressure of the 
atmosphere. 

In the above-described arrangement the carbonic acid thus produced is 
absorbed by the submerged vegetation under the influence of the sun’s 
light ; the carbon is appropriated for its growth, while the oxygen is again 
liberated and hela in solution by the water, provided the evolution is not 
too rapid, an effect produced by too great an exposure to the sun’s light. 
When this is the case, much of the oxygen necessarily escapes into the air 


1867. | Waters under the influence of Vegetation &c, 193 


in a gaseous state and is lost. During the winter season, however, when 
the active functions of vegetation are toa great extent dormant, from the 
diminished quantity and intensity of the sun’s light, the amcunt of car- 
bonic acid produced by the respiration of the fish is greater than the plants 
are capable of consuming, and the excess must necessarily accumulate in the 
water, Were the production of carbonic acid confined to a short period, 
the water would doubtless right itself after a time, the poisonous gas passing 
away and fresh atmospheric air being absorbed. As, however, the production 
of carbonic acid is constant, this ameliorating action can have little effect ; 
the water must remain always highly charged with carbonic acid. Here, then, 
its solvent action on the carbonate of lime, present in the rockwork and gra- 
vel, comes into play, and the hardness of the water is gradually increased in 
proportion as the light diminishes. Now, supposing for an instant that nocar- 
honate of lime had been present in the arrangement, the question arises, what 
must then have ensued? The fish would have continued to respire, and would 
produce carbonic acid as before, which, remaining in a free state dissolved in 
the water, would unquestionably have had a most detrimental effect upon 
their health. Every one must have noticed the manner in which the golden 
carp confined in a globe of water, in which there is no growing vegetation 
to decompose the carbonic acid generated, or no limestone to combine with it, 
rise to the surface and continually gulp in the air required for their vital 
functions. Nothing whatever of this kind has ever been noticed in the 
aquarium under consideration, although the quantity of carbonic acid dis- 
solved in the water has been at times very large. 

From the experiments of Bischof*, we glean that the carbonic acid con- 
tained in a saturated aqueous solution is entirely displaced by a current of 
atmospheric air passed through it for five minutes ; and also f that, by the 
same means, a solution of carbonate of lime, in water previously saturated 
with carbonic acid, will have all the excess of gas displaced in fifteen mi- 
nutes, leaving the water with bicarbonate of lime in solution. It isin this 
form of combination that MM. Peligot { and Poggiale § consider the car- 
bonate of lime to exist in the water of the Seine, and M. Bineau || in that 
of the Rhone, in which rivers they state there is no free carbonic acid. In 
the present investigation we shall therefore assume it to be in the same 
state of combination. We have, in the series of experiments detailed 
above, an increase in the quantity of carbonate of lime held in solution, 
amounting to 14°2 grains in the imperial gallon, which would require nearly 
6} grains of carbonic acid gas to dissolve it. Besides this there is also the 
quantity already present in the water at its minimum, which amounts to 
nearly four grains more, or in all to about ten grains, equal to nearly 


* Bischof’s ‘Dlements of Chemical Geology,’ Cavendish Society’s edition, vol. iii. p. 5. 
i Ojon Cia, Olle Sing 9h he 

{ Comptes Rendus, vol. xl, p. 1121, and Bischof’s ‘ Hlements,’ vol, ii. p. 117. 

§ Journal de Pharmacie, vol. xxvili. p. 821, and op. c7¢. vol. iii. p. 118. 

|| Comptes Rendus, vol. xli. p. 511, and op. ed. vol. it. p. 118. 
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215 cubic inches of that gas in the ten gallons of water, or more than 7th 
its volume. ‘The exact numbers will be seen in the following Table :— 


CaO, CO, in the gallon. Coe 
1861 | Micon 23: 0 grains, requiring 10° 120 grains to fin CaO,2C0,. 
Minimum 9:3 _so,, is #092 waa: i pr 
1862 | Minions ZASG ys 05 F992 35 9 3 
Minimum 88 _,, Pi 38/2 iy A i 
Carbonic acid required to dissolve the increase 6°248 grains=13°269 cub. in. 
4 3 minimum 3°872 __,, 228 9 


10-120 .,, .2iaggeae 


Yet, although the quantity of pcisonous gas had been thus increased, we 
find no deleterious action on the health of the fish, no disturbance in the 
ordinary respiration, no gulping at the surface of the water for fresh air. 
It is quite evident, therefore, that the carbonic acid, by entering into com- 
bination with carbonate of lime, however weak that combination may be, 
is thereby rendered perfectly innocuous, and a wonderful provision is 
thus afforded for preventing this poisonous agent from becoming fatal to 
animal life. 

We turn now to the next member of our arrangement. 


} 3. Lhe Vegetation. 

It will be seen from the foregoing numerical results that the maximum 
quantity of dissolved carbonate of lime, and consequently of carbonic acid, 
is found just before the period of the reviving energies of the plant’s growth, 
namely, the spring time of the year, when the days are lengthening and the 
sun’s light is continually increasing in strength; the minimum quantity 
when this growth has attained its greatest exuberance, namely, when the 
summer months are past and the light is beginning to decrease in its in- 
tensity and the days to shorten. So exactly, indeed, are the energies of 
the plants regulated by the amount of light to which they are exposed, that 
a constant arrangement, such as that here described, affords an excellent 
indication of the variation of the seasons in different years, or might even 
be made a rough measure of the total amount of light from month to 
month. 

But while the demand for carbonic acid on the part of the plant varies 
in this manner with the seasons, the amount of that gas produced by the 
respiration of the fish is very nearly the same all through the year. Whence, 
then, does the plant obtain that additional quantity of food which its 
stimulated energies require during the spring and early summer months, 
and which its rapid and luxurious growth show to be readily supplied ? 
After what has been stated, I think the source must be apparent to every 
one—it is from the carbonic acid which has been gradually accumulated, 
and rendered innocuous to animal life from its being held in combination 
with carbonate of lime, in so marvellous a manner during the winter 
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months. Stored up, yet held in feeble combination, a combination so weak 
that the vital forces of the fresh-growing vegetatiou can easily overcome it, 
and resolve once more into carbonate of lime, carbon, and oxygen the bi- 
carbonate of lime contained in the water *. 

Thus beautifully are the necessary irregularities in the purifying action 
of the plant compensated and provided for, that the balance of existence 
between the animal and vegetable organisms be not disturbed or overthrown, 
and thus additional proof is furnished, if such were needed, of the wisdom 
of that creative power that has ordered all things to work together for good, 
and by endowing certain bodies with such seemingly minute and insignifi- 
cant affinities, maintains the glorious harmony of the whole. 


II. “Results of Observations of Atmospheric Electricity at Kew 
Observatory, and at Windsor, Nova Scotia.” By Josupn D. 
Everertr, D.C.L., F.R.S.E., Assistant to the Professor of Ma- 
thematics in the University of Glasgow. Communicated by Sir 
Wiiiam Tuomson. Received October 14, 1867. 

(Abstract.) 


The paper commences. with an account of the concluding observations 
taken by the author at Windsor, N.S., of which the previous portion has 
already been published in the ‘ Proceedings,’ vols. xil. & xiv. 

It then goes on to describe the self-recording apparatus employed at 
Kew Observatory for the observation of atmospheric electricity, and the 
method of procedure employed in measuring and reducing the curves thus 
obtained, this portion of the work having been performed in the Physical 
Laboratory of the University of Glasgow. 

Tables are given showing the mean hourly values of the electrical potential 
for each month, and the mean monthly values are hence derived. These 
values for Kew are compared with the corresponding values for Windsor, 
N.S., and remarkable differences are shown to exist between the curves, 
both diurnal! and annual, for the two places. 

Tke hourly means at Kew for the mean of the year are represented by 
the following numbers :— 

93h ge l h ph Qh 4h 5h 6" oe 

a OO sOgy (ele eal o. eecO8: L229. 2°58: (112586 

gh Pe Oo) Wl eudOber pagks atdbenn 15%) Je hgh 

COO 20 iA > 242 3 271 86-168) cded8. 4 1o4 

7 18” 19> 207 Ze 2gP 
ieee 164. 1°96», .2°26,,.; 2°28. «2:13, 
These numbers indicate a principal maximum between 8" and 9%, and a 


* The rapid growth of submerged vegetation in rivers and waters containing a con- 
siderable amount of carbonate of lime must have been observed by all interested in the 
subject, in some cases obliging the cleansing of such streams three or four times during 
the year. 
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secondary maximum between 20" and 21". At Windsor, on the other 
hand, the mean potential about 9" was in every month, without excep- 
tion, less than at the other principal times of observation, viz. about 21” 
and 14”. 

The following Table shows the ratio of the mean monthly to the mean 
annual potential for the whole series of observations at both places :— 


. Kew. 
June ES O2 een aes. gee *770 June 1863°) .2 eee “681 
SAE ec aeectonciers leek Jie July: . ios) «403 eee 643 
JU He Gatos epee op ra "836 AUS. 95; . 22 1c 685 
SURAT Ba Me eee *845 Sept. 45. <> --eeieeee *854 
Weta) ahi tece ha en "981 Oct: 4,072: ee 1:000 
INO Ve celoe vs octet ae ae 1:600 NOY. 1.95) a2 ee 2 eh O0 
1D oV Cg oes Mein erie as 0A aad 1:188 Dees: 245 2 32 eee 1°460 
Mame VSO Onc Meee 1°033 Jan, 1864.22. 3 1:226 
SOD Shots the sre ein yes ae: Yokes 1°333 Feb. 45) + fee 1-263 
MIE Cli tes tego es SANGO March-,, ~\ <3 22 eee 1375 
PATIL certs att st ap ceases lobes °920 April ,, |. .-. oo *83] 
Maye ers 10s, a statis mien actos °672 May 4; sree "549 
Windsor, N.S. 

Oke s VSO2 ee sor, ate nhs "832 Oct. 1803. . 3 -eeeee 1:033 
BNO se ut etece te am. tae, °766 Nov... 55). 2 oe "949 
Weer tacit on vans cece te re 1°010 Dec. +55 53 ee 1-110 
Marte OOo ts crea ean ie 1°057 gan. 1864 02 eee 1125 
ele ek acct terra eee teen 1°432 Feb. .-5,° - «ho ae 2 
INVA CHa sccm d. sia tea ee 1-396 March...” <4. 2. eee 1'416 
PAOTDL «745th ber eee ain ie nee 1:023 April 4, 4 2... ae 1:026 
I Le AEG a it rag er ee .  f96 May 556 3 een °985 
PUNE Oks cs wis gta apes eater 720 JUNC gy. afeps Gye 799 
<JOOL Ryn Intl Sateen Aone oo bee Via) July +55 0 es). ye ee *885 
ANTES aR ANG RD ce: "952 AUS. og. oe oie a ee (‘862) 
S12) OLE po Ln eA eau est 985 


The last step in the reductions consisted in expressing the variations, 
both diurnal and annual, at Kew, and the annual variations at Windsor, by 
the first two terms of an harmonic series. 

In the case of the diurnal variations at Kew, the amplitudes of the two 
terms were nearly equal, but the epoch was much more uniform in its 
values (whether in comparing one year with the other or in comparing one 
month with another in the same year) for the second term than for the 
first. 

In the case of the annual variations, the amplitude of the second term at 
Kew was almost inappreciable, while at Windsor it was greater than that 
of the first term. 
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Ill. “On the Orders and Genera of Quadratic Forms containing 
more than three Indeterminates.’ By H. J. SrrpHen Smiru, 
M.A., F.R.S., Savilian Professor of Geometry in the University 
of Oxford.—Second Notice. Received October 30, 1867, 


The principles upon which quadratic forms are distributed into orders 
and genera have been indicated in a former notice (Proceedings of the Royal 
Society, vol. xiii. p. 199). Some further results relating to the same sub- 
ject are contained in the present communication. 


I. The Definition of the Orders and Genera. 
Retaining, with some exceptions to which we shall now direct attention, 
the notation and nomenclature of the former notice, we represent by f, a 
primitive quadratic form containing m indeterminates, of which the matrix is 


] ‘| |; by fi, J» - + -Sn-v the fundamental concomitants of f,, of which the 


last is the contravariant. ‘The matrices of these concomitants are the ma- 


trices derived from the matrix of f,, so that the first coefficients of f,, 7,,... 
3X3 n—1Xn-1 


; AeA, eee Ais ; | taken 
with their proper signs. The discriminant of f, 1. e. the determinant of 


. 4 2X%2 
Jn-v» are respectively the determinants | Al, 


the matrix | ie 
is to be taken with its proper sign, is represented by v,. The greatest 
common divisors of the minors of the orders n—1, n—2,...2, 1 in the 
same matrix are denoted by V,,_ 1) Vn—a + + Va Vp of which the last is a 
unit ; we shall presently attribute signs to each of these greatest common 
divisors. The quotients 

Vn Var, Vn=1_, Vn=2, eee Me V 

Vn—-1 Wn-2 Va—2 Vn-3 Vie] 
I ..1,; so that 


, which is supposed ts be different from zero, and which 


which are always integral, we represent byI,_,, is le 


anes Wes, 
fi Ney 2 Ma 
The numbers L, I,,..1,,_, are the first, second, ... . last invariants of the 
form f,, and remain unchanged when /, is transformed by any substitution 
of which the determinant is unity and the coefficients integral numbers. 
Forms which have the same invariants have of course the same discrimi- 
nant ; but (if the number of indeterminates is greater than two) forms which 
have the same discriminant do not necessarily have the same invariants ; 
for example, the quaternary forms 
ph aes DO Nee 62;,”, ert a? at pp de 12a2 
have the same discrminant 12, but their invariants I,, I,, I, are respectively 
1, 2,3, and 1, 1, 12. As forms which have the same discriminant, but 
different invariants, do not necessarily have any close relation to one 
another, we shall not employ the discriminant in the classification of qua- 
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dratic forms; but we shall regard the infinite number of forms, which 
have the same invariants, as corresponding, in the general theory, to the 
infinite number of forms which have the same determinant, in the theory of 
binary quadratic forms. 

If the index of inertia of the form / is 4, 1. e. if f, can be transformed 
by a substitution of which the coefficients are real into a sum of £& positive 
and »—£ negative squares, we attribute to the invariant I, the sign —, and 
to every other invariant the sign +. Thus the numbers V,, V.,--- Vz are 
all positive; V, ip Viqo +++ V,, are alternately negative and positive, so 
that the discriminant v,, is of the same sign as (—1)”—*, as it ought to be. 
This convention with respect to the signs of the invariants will enable us 
to comprehend in the same formule the theory of the generic characters 
of forms of any index of inertia. We shall, however, suppose that the 
index of inertia is at least 1, 7. e. we shall exclude negative definite 
forms. ‘The invariants of a positive definite form are all positive; and 
the index of inertia of any indefinite form, of which the invariants are 
given, is always indicated by the ordinal index of its negative invariant. 
We shall represent by D the product —I, x —I,x—I,x..., the last 
factor being —I,,_,, or —I,,_,, according as n is even or uneven. 


ee aI he . 
If j'=— fi, the forms @,, 6,, 6,,...6,_, are the primitive concomitants, 
i 
and the last the primitive contravariant, of 7, or 6,; each one of them is 


either uneven, 7. e. properly primitive, or even, 7. e. improperly primitive. 
Two forms, which have the same invariants, are said to belong to the same 
order when the corresponding primitive concomitants of the two forms are 
alike uneven or alike even. When the invariants are all uneven, and the 
number of the indeterminates is also uneven, there is but one order, none 
of the primitive concomitants being in this case even. Again, when the 
invariants are all uneven, and the number z of the indeterminates is even, 
there is either one order or two, according as D== —1, or = +1, mod 4; 
for in both cases there is an order in which all the primitive concomi- 
tants are uneven, and in the latter case, besides this uneven order, there 
is an even order, in which these forms are alternately even and uneven, the 
two extreme forms 0, andé,,_, being even. In the general case, when the 
invariants have any values even or uneven, if I, is even, 9, cannot be even; 
again, if I; is one of a sequence of an even number of uneven invariants, 
preceded and followed by even invariants, 0; cannot be even. But if there 
be a sequence of an uneven number of uneven invariants I, I,,,,.-Ij,,5 
preceded and followed by even invariants, the sequence of primitive con- 
comitants 0; 0,,,,++ 9; to; are all uneven if 6, is uneven, and are alter- 
nately even and uneven if 6; is even; a seguence of forms or invariants may 
consist of a single form or invariant. We attribute the value 0 to the sym- 
bols Ip and I, the value 1 to the symbols 0, and 6,,; thus the invariant I, 
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is always to be regarded as preceded by an even invariant, and I,,_, as fol- 
lowed by an even invariant; similarly the forms 6, and 6,_. are to be re- 


m=} 
garded as respectively preceded aad followed by uneven forms. Two even 
forms cannot be consecutive in the series §,..6,_ 
The preceding observations enable us to assign all the orders which may 
exist for any given invariants ; if the series of invariants I,, I,,...1,_,, L, 
present w different sequences each consisting of an uneven number of tn- 


even invariants, preceded and followed by even invariants, there are 2° as- 
signable orders. ‘These orders, in general, all exist; there are, however, 
the following exceptions to this statement :— 

(1) If, the number of indeterminates being even and equal to 2y, D is 
uneven, there is an assignable order in which the concomitants 6,, 0,,...4, 4 
are alternately even and uneven. But, as has been already said, this order 
does not exist if D==—1, mod 4; and, if the invariants are all squares, 
it does not exist, even if D ==1, mod 4, unless the equation 


v(v—1) k(k—1) 


Coe Sir | 
(in which & is the index of inertia) is also satisfied. 

(2) If, the number of indeterminates being uneven and equal to 2v+ 1, 
D is uneven, and I,, even, there is again an assignable order in which the 
concomitants 6,, . . . 02, are alternately even and uneven. But, when I» 
is the double of a square, and the other invariants are squares, this order does 
not exist unless the equation (—1)* ~?=(—1)?*"~” (in which & is still 
the index of inertia) is satisfied. 

The reciprocal case (that obtained by changing I, and 6, into I,_., and 
§n—s) for every value of s from 0 to nm) presents a similar exception, which 
it is not necessary to enunciate separately. 

The generic characters of the form §,, or, more properly of the system of 
concomitant forms §,, 9,,... 6, ,, so far as they depend on uneven primes 
dividing the invariants, have been already defined in the former notice, and 
the definition need not be repeated here. These characters we shall term 
the principal generic characters of the system. When the invariants and 
primitive concomitants are all uneven, the principal characters are the only 
generic characters, with the exception of a certain character, which we 
shall define hereafter, and of which the value is not independent of the 
principal characters. In cther cases, the forms of the concomitant system 
may acquire generic characters with respect to 4 or 8: these we shall term 
supplementary. What supplementary characters exist in any given case 
may always be ascertained by applying the following rules. In their enun- 
ciation we represent by I’; the greatest uneven divisor of I; taken with the 
same sign as I;, by y, the exponent of the highest power of 2 contained in 
I;, increased by 1 if one of the two forms §,_), 6:14 is even, and by 2 if 
both those forms are even; we suppose 0<72<%. 
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ga 
I. If », > 2, 6; has the character (—1) 2~ 
0i—1 


Il. If > dee ith addition to the character (—1) 2 , has also the cha- 


fea 


acter (— ia 
III. If y,=1, and also p,_, > 2, »;,, > 2; 4; (which, as well as 6,_, and 


9,11, is necessarily uneven) has the character 


2 2 


(1) 92S or C=) 2 aa 
according 4s 


pe 1)#@:—1-D fa hag = S 1)2 (+), or = (= 1347), 


It will be observed that (by I) the forms 9; _, and 6,,, have the charac- 
al Tatlees 
ters(—1l) 2 and(—l) ? 
IV. If »,=0, and also p,_,> 2; 34, > 2, 6, if uneven, has the charac- 
di—1 . 
ter (iy he or no character at all, according as 
SP aS ang eb ( Fa 1)? I.-1) or (1) a 
No even concomitant has any supplementary character. But if 9; is an 


even concomitant, the uneven forms preceding and following it have, by I, 


the characters 
hae 6341-1 


at aa ealiieee 


(ane? hid aty 
These characters are not independent but are connected by the equation 
(1) j=) —D4? 4 5-) _ (—1)P CD, 


Thus if I, I,,,, . - - £49; 18 a sequence of an uneven number of uneven in- 
variants preceded and followed by even invariants, and corresponding to a 
seqrence of alternately even and uneven concomitants §;,6,,,,... 4; 1%, 
the character, mod 4, of every uneven form of this sequence, and of the next 
following form 6;,0;,1 is determined by the character of the form 6,_,. 
We hare, im fact, if s=1, 2,..-7-F1, 
3) lao a =e aie (aye y 
Besides these supplementary characters, which, no less than the principal 
characters, are attributable to individual forms of the concomitant system, 
there exist, or may exist, other characters, which we shall term simulta- 
neous, attributable to certain sequences of those forms considered conjointly. 
Such a character is attributable to every sequence of uneven forms, of 
which none possesses any supplementary character but which are imme- 
diately preceded and followed by forms having such characters, The fol- 
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lowing definition is requisite in order to explain the nature of these simul- 
taneous characters. 


If nm-1XN 


are not all zero, and if mz represent the value acquired by 6;, when we at- 
tribute to the indeterminates of that form the values of the determinants 
| kxn 


aoe is a matrix of the type »—1 Xx, of which the determinants 


i,j 
02 Ip Fo 4 1G RIG By v0 10 
taken in the same order in which the determinants of any & horizontal rows 


of the matrix | A | are taken in forming the matrix of §,, the numbers 


M,, M.,...m,_, are said to be simultaneously represented by the forms 
6. 0. e@ ee 6 


Let 4;,;,---9;,, be a sequence of 2! uneven concomitants, p31, f;49, 


n—1° 


++ #4; being 0, or 1, but w; and p;,,,, being greater than 1; the uneven 
numbers simultaneously represented by 6;,, 9;,9) +++ 9,;,, are all such as 
to render the unit 

; e 


s=i+i ; s=i+i! s=i+i! o2e 
=. 2 (,—1) (9, 1—)) = 4(I/,+1) (@s—1) Disiyile Se oak 
= + s 
(-—1) ** x (—1)s=i1 Gs re 


(which we shall symbolize by w (i, 7’)), equal to +1, or else are all such as 
to render that unit equal to —1. We therefore attribute to the sequence 
of forms 6;,,...9,,, the simultaneous character ~ (@,7)=+1, or 
W (i, 2’) =—1, according as the former or latter of those equations is satis- 
fied. If 2’=1, the sequence consists of but one form, so that the charac- 
ter (i, 7’) ceases to be a simultaneous character; in fact, if u,,,=1, it 
coincides with the supplementary character attributable to 4,,, by ILI. ; if 
H;4,=0, it either becomes nugatory (7. e. identically equal to +1, irre- 
spective of the value of m,,,), or it coincides with the supplementary cha- 
Yacter of 9;,,, according as that form (by IV.) has not or has a supplemen- 


tary character. 

The complex of all the particular characters (principal, supplementary, 
and simultaneous) constitutes the complete character of the system of con- 
comitants 6, 6,,...9, ,. Not every complete generic character, assignable 
a priori, corresponds to actually existing forms, but only such characters 
as satisfy a certain condition of possibility. This condition is expressed 
by the equation 


s=n-1 76 
¥(0,m-—1)x TE (a4, ENN eons) 


in which, if §, is an even form, we understand by the symbol i the 


quadratic character with respect to I, of the half of any number, prime to 
I,, which is represented by 6,, The unit W (0, »—1) is formed in the same 
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way as the unit y (7, 2’): we may omit, however, from the exponent of 
—1 in its expression every term into which an even form enters; if, for 
example, #, is an even form, that exponent contains the terms 


6,1—1 84:1 a 6-1 §2—1 
See —. a 
Ce | ee 
and no other term into which @, enters; but «,=0, and the coefficient of 


3 (9,—1) is even; so that 6, disappears from the expression of the unit 
wW(0,n—1). It will thus be seen that the equation (A) involves only 
generic characters (principal, supplementary, or simultaneous) of the con- 
comitant system: that equation therefore expresses a relation which the 
complete character must satisfy. 

in using these formulee, we must attend to the significations which we 
have assigned to the symbols Io, I, 6), and 6,. Thus 


We shall conclude this part of our subject with the two theorems :— 

(i) Every genus, of which the character satisfies the condition of pos- 
sibility, actually exists. 

(ii) Two forms, of the same invariants, of the same order, and of the 
same genus are ee ne. each into the other, by rational linear sub- 
stitutions of which the determinants are units, and in which the denomi- 
nators of the coefficients are prime to any given number. 

The first of these theorems shows that the condition of possibility is suf- 
ficient as well as necessary ; the second establishes the completeness of the 
enumeration of or dinal and generic characters. 


Ii. Determination of the Weight of a given Genus of Definite Forms. 


It has been shown by Gauss, in the digression on ternary forms in the 
fifth section of the ‘ Disquisitiones Arithmeticee,’ that the solution of the 
problems ‘to obtain all the representations of a given binary form, or of a 
given number, by a given ternary form,’ depends on the solution of the 
problem “‘to determine whether two given ternary forms are equivalent, 
and, if they are, to obtain all the transformations of either of then into the 
other.”’ Similarly the solution of the preblem ‘“‘to obtain all the repre: 
sentations of a given quadratic form of ¢ indeterminates (i=1, 2,...—1) 
by a given form of n indeteriminates ” depends cn the solution of the pro- 
blem of equivalence for Hee forms of n indeterminates. ‘The follow- 
ing proposition is here of primary importance :— 

«Irthe form ¢,, or2—1 # asteemmmaces and of the invariants I, L; 0 abe 
i, MI _o, 1s capable of primitive representation by the form 0,, of n 


indet aie and of the invanants I, I... Ges tee 1. ee 


—In-1X bps ( peg Gye is the primitive saat of ¢,) is @ qua- 
dratic residue of We 
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The converse is true, subject to certain limitations :— 

“If M is prime to I,,, and not negative except when I,,_; is negative, 
and if —I,,_1X¢,_» is a quadratic residue of M, ¢ is expable of primitive 
representation by /..”’ 

‘Tf, in addition, M is prime to I,,_», there is always either one or two 
genera of forms of the invariants (1,, L, ... MI,_») capable of primitive 
representation by forms of a given genus of the invariants (I, L,...1,-2 
I,_1); andif there are two genera capable of such representation, they 
are of different orders.” 

These theorems are especially useful in the theory of definite forms, to 
which, for the remainder of this paper, we shall confine our attention. In 
the case of such forms we understand by the weight of a form the reciprocal 
of the number of its positive automorphics, by the weight of a class the 
weight of any form representing the class; the weight of a genus, or 
order, is the sum of the weights of the classes contained in the genus or 
order; the weight of a representation of a number by a form is the weight 
of the representing form ; the weight of a representation of a form by a 
form is the product of the weights of the representing and represented 
forms. 

Let I denote a system of forms, representatives of a given genus of the 
invariants I, 1,,...J,1; let M be a number divisible by jp: different 
uneven primes, none of which divide any of the invariants, and let M be 
uneven or unevenly even, according as the contravariants of the forms T 
are uneven or even; we then have the theorem— 

“The sum of the weights of the representations of M by the contra- 
variants of the forms I, is 24 times the weight of the single genus, or the 
two genera, of invariants I,, I,,... MI,_., which admit of representation 
by the forms I.” 

The method which this theorem may serve to indicate supplies a solu- 
tion of the problem ‘‘to determine the weight of a given genus of definite 
forms of n indeterminates, and of the invariants I, I,,...I a Nie 


m—lLleee 
shall represent the weight of the given genus by the formula 


S=2y_, 
W= G ev+1 * Ul. x (0) x Boy 41 x pees) 
s=1 


when m is uneven and equal to 2v-+1, and by the formula 


s=l a a | my 


s=2v—1 8 (pyaar 1@ 
W =, <I »x(¢) X Boy X II qe y= 3 eae 


when is even and equal to 2y; and we shall consider separately the 
factors of which these formule are composed. 


] ° ° e 
— (which enters ito the expression 


Usa Mm | Mm” 


oe) 
(i) In the infinite series == ie 


of W only when the number of indeterminates is even) D still represents the 


oe 
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product (—1)’I,xI,x .. XI,,-;, and the summation extends to all 
uneven values of m, which are prime to D, from 1 too. The sum of 
this infinite series can in every case be obtained in a finite form by the 
methods employed by Dirichlet (in the 2ist volume of Crelle’s Journal) 
_and by Cauchy (in the 17th volume of the Mémoires de l’Académie des 
Sciences, p. 679). As the result of the summation does not seem to have 
been given, we shall present it here in one of many various forms which it 
may assume. Let D, represent the quotient obtained by dividing D by 
its greatest square divisor; let gy be any uneven prime dividing D, but 


not D,, and let V=—3 3(> =) the sign of summation extending to all 


a 


values of m prime to 2D,; we then have the equation 


@ 
=2(2 ==n[1-(2)-<] ave 
wy \msym G TG 


To obtain the value of V, let A represent the positive value of D,, so that 


A=D, when + is even, and A=—D, when y is uneven. Also let 
Busy, Ee Ths : me 
ae ght + (1) Eat 
Eee ie) ese eg oe 
ae ae i aa eae eT 3 deat 


kee : 
where (3,, 8,,...are the fractions of Bernoulli, so that F"(«) is the function 
s=zr—1 
which, when « is an integral number, is equivalent to the sum = s*, 
$=) 


5 te 1 C cC 
Then, if e=(— i) ee or (— 1p@th, according as v is even or uneven, 
the value of eV is 


(1) when D, =1, mod 4, 


Dee: Ziv 1 SSS s 
—“___x | l-(—}_ | x__x 3 (—}F,_,(- 
iy [ (3) vA 2 (5) (3) 
(2) in every other case, 
y—l s=4A 
2 halts = D, =) B. es 
II = [diay a5 2VA A s=l AY AA 
the summation 5 extending to every integral value of s inferior to A and 


1 
4A 


prime to A, the summation & extending to every integral value of s inferior 
1 


to 4A, and prime to 4A. The formula (1) is inapplicablewhen A=D,=1 ; 


1867.] Prof. H. J. 8. Smith on Quadratic Forms &c. 205 


but in this case v iseven, and the sum of the series _ > al is known. 
; ae ae 
E s=n—1 1s(n—s) 
(ii) The factor I I, 


s=l1 
when z is uneven, and isa multiple of / A when x is even. 
(ii) The factor B,, is determined by the equations 
2y= 33, Sale; x 4B. Soc = Corey 
Bay41=4, X58, X3B,X - 3B» 1X a 
ynere B,, Bs... are again the fractions of Bernoulli, so that 6,= 
2,=31p ete. 

(iv) The factors (i) and (ii) depend only on the invariants and on the 
number of the indeterminates, the factor (iii) only on the number of in- 
determinates. These factors are therefore the same for all genera of the 
invariants J,,I,,..I,-1. But the two remaining factors involve, or may 
involve, certain of the generic characters, and are therefore not always the 
same forall genera. In the factor II . x(0) the sign of multiplication extends 
to every uneven prime 6, dividing any one or more of the invariants L, L, 

.I,-1: it will suffice therefore to define the function y(c), which de- 
pends on only one of those primes. Let 7,, 7,,...be the indices of all 
the invariants which are divisible by 6; let these indices be arranged in 
order of magnitude, beginning with 0 and ending with 7 (because Ip and 
I, may be considered as divisible by ¢). The positive differences 
ésti—ts we shall term intervals. By the morety of any whole number a 
we understand 3 @ when a is even, $ (a—1) when ais uneven. Let xs be 
the moiety of the interval 75,;—7s; ; when that interval is even, let the 


requires no explanation; it is rational 


barred symbol xs represent the product (—1)"Iy4;,X 1,4; ++» Lisi; 


Bac: 
and let Tks) = 14 (Ae et) 3 - _ Lastly, let Q(A) represent the 
Ss 
product ‘Tl mt (1— a) 3 let c be the moiety of n—1,and pu the number of the 
s=1 
invariants I, I,,...I,_1, which are divisible by 6. Then x(0) is the integral 


function of a defined by the equation 


when 7 is uneven, and by the equation 


cB hsa-rex[!-O)] 


when xis even. If Dis divisible by 6, the symbol @r is zero. In both 


formule: the sign of multiplication M1 extends to every value of xs or «53 the 
value +1 is, as before, to be attributed to the symbols @, and 9,. 
MOE. XVI. U 
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(v) Each factor (6) of the product II. y(6) thus depends on an un- 
even prime 6 dividing the invariants, on the indices of the invariants divi- 
sible by 6, on the principal generic characters with respect to 6, and on 
the quadratic characters with respect to é of the invariants not divisible 
by ¢. The remaining factor Z, may be said to depend on the relation of 
the concomitants and invariants to the prime 2 and its powers. The de- 
termination of this factor presents no theoretical difficulty ; but on account 
of the multiplicity of the cases to be considered, we shall confine ourselves 
in this place to the two cases in which the invariants are all uneven. 

(A) When the invariants are all uneven, and the given genus is of an 
uneven order, let %,, represent the unit (—1)* )(0, n—1), where W(0, n—1) 
is the simultaneous character of the given genus, and / is determined by 
the equation 


Hise he ED Gas Dib # Rat aa 
TRS eee 
+(...eTre- OSES »Tn-3 In-1 +1). 
The value of ¢, then is 
(1) Ha AN, 
[2-14 (1B), or 1, 


= 1 
according as D=1, or =—1, mod 4; 
(2) ifn=4\+4 2, 
sale + (—1)3,], or 1, 
according as D==1, or =—1, mod 4; 
(3) if n=4\+1, 


sl 28+ (— 1) En 


(4) if n=4) +3, 


D-=1 
soe 2+ (= a ae rae in|. 


(B) When the invariants are all uneven, and the given genus of an eyen 
order, so that ~=2y is even, the value of Z,, is 


IL 1 
Qn—2 eae 
D/) 2” 


It is easy to apply these general formulee to particular examples; but 
our imperfect knowledge of quadratic forms containing many indetermi- 
nates, renders it practically impossible to test the results by any independent 
process. The demonstrations are simple in principle, but require attention 
to a great number of details with respect to which it is very easy to fall 


| 
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into error.. As soon as they can be put into a convenient form, they shall 
be submitted to the Royal Society. | 

Eisenstein has observed that, when the number of indeterminates does 
not surpass eight, there is but one class of quadratic forms of the dis- 
criminant 1, but that, when the number of indeterminates surpasses eight, 
there is always more than one such class. This observation is in ac- 
cordance with our general formulee, except that they imply the existence of 
an improperly primitive class of eight indeterminates and of the dis- 
eriminant 1. ee 

The. theorems which have been given by Jacobi, Eisenstein, and recently 
in great profusion by M]. Liouville, relating to the representation of numbers 
by four squares and other simple quadratic forms, appear to be deducible 
by a uniform method from the principles indicated in this paper. So 
also are the theorems relating to the representation of numbers by six 
and eight squares, which are implicitly contained in the developments 
given by Jacobi in the ‘Fundamenta Nova.’ As the series of theorems 
relating to the representation of numbers by sums of squares ceases, for 
the reason assigned by Hisenstein, when the number of squares surpasses 
eight, it is of some importance to complete it. The only cases which have 
not been fully considered are those of five and seven squares. The prin- 
cipal theorems relating to the case of five squares have indeed been given 
by Kisenstein (Crelle’s Journal, vol. xxxv. p. 368); but he has considered 
only those numbers which are not divisible by any square. We shall here 
complete his enunciation of those theorems, and shall add the corresponding 
theorems for the case of seven squares. We attend only to primitive 
representations. 

Let A represent a number not divisible by any square, Q* an uneven 
square, a any exponent. By ®,(4*Q°A), @.(4*Q*A), we denote the number 
of representations of 4*Q°A by five and seven squares respectively; by 
Q.(420°A), Q.(4°07A), we represent the products 

5x a xo xm 1—(2 * | oe 
q/¢i A 
7X2’4xXO? xT —-(="),] aa 
Vg Jy 
the sign of multiplication If extending to every prime dividing Q, but 
not dividing A; we then have the formule 
(A) for five squares. 
(1) If A=1, mod 4, 


A 
©,(4902A) = Q, (422A) x 9 X (4 )s@—4), 
1 


where, if A==1, mod &, n=12; if A=5, mod 8, n=28 or 20, according 
as «=0, ora>0. If, however, A=1, we are to replace ny x = by 2. 


ie) 


U 
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(2) In every other case, 
 , (4207A) =Q,(4°07A) x 7 x x5 = (s—4D), 


where »=1, or 4, according as a=0, or a>0. 
(B) for seven squares. 
G) if A—3) med 4 


6 (42024) =Q (4202 Jaxx (4 )s(s—A)(2s—A), 
where n= 30, if a=0, A==3, mod 8; n=2X 37, if a=0, A==7, mod 8; 


n=1X140, if a>0. 
(2) In every other case, 


5 44 /— A 
0'(4¢07A)=Q, (4207°A <a (=> )se—24) (s—4A), 
1 


where n=4, or ;°, according as a=0, or a>0. 


A 4A 
The sums 3, and = in these formule are easily reduced (by distinguish- 
1 1 


ing different linear forms of the number A) to others more readily cal- 
culated (see the note of Eisenstein, to which we have already referred) ; 
but in the present notice we have preferred to retain them in the form in 
which they first present themselves. 

We shall conclude this paper by calling attention to a class of theorems 
which have a certain resemblance to the important results established by 
M. Kronecker for binary quadratic forms. 


ae 


duet 3 represent the weight of the quaternary classes of the inva- 


riants[1,1, MJ]; 4 joe 2 the weight of the senary classes of the invariants 
Pe eee ik a 


F (M) +2F,(M—1°) + 2F,(M—2)+ ...=3(—D 3 @, 
F,(2M)+2F,(2M—1’) + 2F,(2M—2") +... =2d". 


In the first of these formulee M is any unevenly even number, or any 
number ==3, mod 4; in the second M is any uneven number: the series 
in both are to be continued as long as the numbers M—s*, or 2M—s’, 
are positive ; dis any uneven divisor of M. The origin of these formule 
(which may serve as examples of many others) is exactly analogous to that 
which M. Kronecker has pointed out as characteristic of the more ele- 
mentary of the two classes into which his formule are naturally divided. 
Whether, for forms of four and six indeterminates, similar formule exist 
comparable to the less elementary formule of M. Kronecker, and whether, 
for forms containing more than six indeterminates, such formule exist at 
all, are questions well worthy of the attention of arithmeticians. 
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December 12, 1867. 


Lieut.-General SABINE, President, in the Chair. 


The President gave notice that, in addition to the three Fellows named 
at the last Meeting, he had appointed Professor John Phillips a Vice- 
President. ; 


Mr. James Robert Napier was admitted into the Society. 


The following communications were read :— 


I. “On the Special Action of the Pancreas on Fat and Starch.” 
By Horact Dosrtt, M.D. &c., Physician to the Royal 
Hospital for Diseases of the Chest &c. Communicated by 
HK. FRanKiAND, F.R.S. Received September 5, 1867. 


I have been engaged for several years in experimenting with the secre- 
tion of the pancreas. The inquiry of which I now make known the re- 
sults has reference especially to the mode of action of the pancreas upon 
fats—a point which has been the subject of investigation by various phy- 
siologists ever since the discovery of the influence of the pancreatic fluid 
on the absorption of fat by Claude Bernard, nearly twenty years ago. 

In the chemical parts of my experiments I owe much to the efficient aid 
of my friend Mr. Ju:ius Schweitzer, and to the energy and perseverance 
with which he carried out my suggestions under many difficulties. 

The objects of my investigations have been as follows :— 

1. To discover the exact character and nature of the influence exerted 
by the pancreas upon fats. 

2. To discover a means of obtaining and preserving the active principles 
of the pancreas in a form suitable for experiment in the laboratory, and for 
administration as a remedial agent. 

3. To discover the effects of the administration of the active principles 
of the pancreas as a remedial agent in certain wasting diseases, and to test, 
by an exrperimentis crucis, the truth of a conclusion on this subject, at 
which I had previously arrived by a process of inductive research. 

I shall not occupy the valuable time of the Society by narrating the 
many more or less unsuccessful experiments, but restrict myself to a con- 
cise record of those attended with success. 

Experiments were made with the pancreas of several different animals, 
but that of the pig was selected for the experiments of which I am about 
to give the results, as being nearest in the character of its functions to that 
of the human subject, 

Tn erder to assertain the normal reaction of the panereatio julee, and 
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whether this is altered by the length of time that has elapsed since the 
last meal, the following experiment was made with the assistance of Mr. 
Schweitzer and of Mr. Harris of Calne, who kindly placed his extensive 
pig-killing establishment at our service for the purpose. 

On March 22, 1866, forty pigs were killed, and the pancreas of each 
examined immediately after death; the killing and examination were so 
rapidly conducted, that the pancreas was in each case examined while warm 
from the body; and the kiiling and examination of the forty pigs im suc- 
cession occupied less than an hour. : 

The pigs were killed ten at a time. The first ten had been fed two 

hours before they were killed, the second ten five hours, the third ten nine 
hours, and the fourth ten had not been fed for two days. 
_ The pancreas in each group presented the same characters in size, 
colour, and reaction. Each pancreas was cut through so as to lay open 
the principal duct, but in no case was there any fluidin the duct. Litmus- 
paper was applied to the interior of the duct and to the divided gland- 
cells, and on being pressed sufficiently against the tissues to absorb 
moisture, the paper was in each case reddened where it was moistened. 
This acid reaction was not found in the fat and muscles of the animal. 

At my request, Dr. Collins, of Albert Terrace, Regent’s Park, examined 
the reaction of the pancreas in a series of cases at the moment when all 
the digestive organs were under active excitement. He gave the pigs a 
good and relishing meal, and while they were eating it, divided the spinal 
marrow in the neck, so as to destroy sensation in the body. The pigs 
were then immediately cut open, the pancreas removed, and its reaction 
examined. On August 3rd he wrote me, ‘As you requested, I have tried 
a series of experiments upon the pancreas, parotid, and sublingual glands. 
‘The two latter have a decidedly acid reaction, but the pancreas I am not 
quite so certain about; in one batch of pigs killed in Buckinghamshire it 
was alkaline, but in another lot in Hertfordshire it was acid.” 

The reaction of the pancreas is always acid when it reaches the labora- 
tory for experiment as quickly as possible after removal from the animal. 
This we have proved in many hundreds of instances. 

To discover the influence of the pancreas upon fat, the fresh pancreas ot 
the pig, freed from all adhering blocd and other extraneous matters, was 
cut into small pieces, bruised, and mixed with lard; and to this mixture 
water was gradually added. In the bruised condition the pancreas had aa 
acid reaction. Ly stirring this mixture of pancreas, lard, and water, the 
fatty character disappeared, a thick, white, creamy fluid being formed, which, 
on standing, solidified into a firm pasty mass. ‘This mass had also an 
acid reaction. in order to free it from the débris of pancreas, it was 
pressed through muslin, and a uniform smooth creamy emulsion remained. 
This emulsion rapidly putrefied, but remained a permanent emulsion until 
putrefaction set in. 
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The following are the microscopical characters presented by pure lard 
before mixture with pancreas, and by this emulsion, which I call “crude 
emulsion : ””— 

1. “Lard” (pure).—Aggregations of ordinary acicular crystals of mar- 
garine. No oil-globuies. No water. 

2. “ Crude emuision.”’—A tolerably uniform granular mass with separate 
acicular crystals of margarine, oil-globules, and water abundantly distributed 
throughout the mass. In some places the crystals are aggregated as in 
No. 1. The granules range from the z)55 to zt gq of an inch in dia- 
meter. 

This mixture of fat and water differs from all other mixtures or che- 
mical combinations of fat and water in the following particulars. 

When the “crude emulsion” is put into ether, the ether separates it 
into two strata— 

a. An ethereal stratum above containing the fat. 
6. A watery stratum below. 

When the upper stratum (a) (ethereal solution of fat) is drawn off and 
the ether evaporated by a cautiously regulated heat, a pure crystalline fat 
remains which I eall “ pancreatized fat.’ ‘This pancreatized fat has no 
tendency to putrefy, and will keep for an indefinite period. It presents 
the following characters under the microscope :— 

3. “* Pancreatized fat’ (lard) consists of minute separate acicular crystals 
of margarine and fine granular matter uniformly distributed. The special 
character is the complete loss of aggregation of the crystals. 

This “ pancreatized fat” retains the property of mixing or combining 
with water, and forming a thick, smooth, creamy emulsion, that it possessed 
in the form of ‘‘ crude emulsion ” before solution in ether. The emulsion 
formed by mixture of ‘‘pancreatized fat’? with water I call ‘ purified 
pancreatic emulsion.” It has, like the crude emulsion, an acid reaction, 
and will keep for a very long time, and presents the following microscopical 
characters :— 

4. “Purified emulsion” (No. 3, spirit andwater).—As nearly as possible 
the same as No. 2; the separate crystals more uniformly distributed, and 
fewer aggregations of them. No globules*. 

On analysis of the lower watery stratum (0) resulting from the separation 
of the fat of the crude emulsion by ether, it is found to contain zo gly- 
cerine. 

On analysis of the pancreatized fat (3) obtained by evaporating the 
ether from stratum a, it is found that 100 parts of the pancreatized fat 
are saponified by 54 parts of oxide of lead, and yield 146-25 parts of lead- 
plaster, and 6°75 parts of glycerine. 

It is also found that every 100 parts of lard used in making the crude 
emulsion produce 106°5 parts of pancreatized fat, the increase of 6-5 parts 


* In cold weather it is necessary to gently warm the glass slide before placing the 
above specimens upon it, otherwise the solid constituents become agglomerated. 


212 Dr. Dobell on the Action of the Pancreas. [Dec. 12, 


being solely due to absorption of water, as proved by heating the pan- 
creatized fat, when the water separates, and the pancreatized fat is recon- 
verted into ordinary lard. 

In all the foregoing respects the pancreatic emulsion of fat differs en- 
tirely from all other kinds of emulsion of fatty matter, whether chemical 
or mechanical. All other emulsions of fat are destroyed by ether, the fat 
being restored at once to its original condition. | 

The influence exerted by the pancreas upon fats, therefore, appears 
to operate by breaking up the aggregation of the crystals of the fat and 
altering its hydration. It alters the molecular condition of the fat, 
mingling it with water in such a way that even ether cannot separate 
the fat from the water. A permanent emulsion is thus formed ready to 
mix with a larger quantity of water whenever it may be added. 

The pancreas, therefore, in acting upon fat, does not decompose it into 
fatty acid and glycerine, the absence of the glycerine from the watery 
stratum (6), and the presence of the glycerine in the pancreatized fat of the 
ethereal stratum (a), having been demonstrated. 

Action of the pancreas upon starch.—It is well known that, in addition 
to the influence of the pancreas upon fat, it has the power of converting 
starch into glycose by simple mixture. This property remains to a certain 
extent after the pancreas has exhausted its property of acting upon fat. 
The quantity of pancreas which before mixture with fat will convert about 
eight parts of starch into glycose, after saturation with fat will still con- 
vert about two parts of starch into glycose. 

Second object.—To discover a means of preserving the active principles 
of the pancreas in a form suitable for experiment in the laboratory, and 
for administration as a remedial agent. 

The properties of the pancreas can be extracted from the tissue of the 
gland by means of water. This watery fluid putrefies very rapidly. It 
has an acid reaction, a deep yellow colour, coagulates largely by boiling, 
leaving the colour of the fluid unaltered. It may be precipitated by lead- 
solution, and decomposed again by sulphuretted hydrogen. 

When this watery fluid is evaporated, it forms a syrupy extract, which is 
highly hygroscopic and very difficult to dry. With great care and trguble, 
however, it may be dried. For general purposes, the drying is greatly 
facilitated by adding a dry absorbing g-powder, such as powdered malt. 
For experimental purposes, it may be eed in its pure undried state of 
syrupy extract, but must in that case be used fresh. In the dry state, 
either pure or mixed with malt-dust, it may be kept good for an indefinite 
length of time, if protected from moisture in a well-closed bottle. This 
extract of the pancreas, containing the active principles of the pancreas in 
the highest degree of efficiency, whether fluid or powdered, I call ‘ pan- 
creatine,’ This term is used only for convenience’ sake, and must in no 
way be understood to signify that the propert y possessed by it is an 

All attempts | 9 isolate e the ges everal properties af | the pancreas into separaig 
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products have failed, no one of such products having been found to 
possess in perfection the property of acting upon fat in the manner de- 
scribed in this paper as peculiar to the pancreas. By the term “ pancreatine,”’ 
then, I desire to represent the entire properties of the pancreas extracted 
in a convenient form for keeping, for experiment, and for administration as 
a remedial agent. 

One part of the pure pancreatine dried, without mixture with malt-dust, 
will digest at least sixteen parts of lard, and enable it to form a thick creamy 
emulsion, with about 100 parts of water. The emu!sion thus formed 
presents in every respect the characters and qualities of the emulsion pro- 
duced by the fresh pancreas already described. In this way therefore the 
active principles of the pancreas may be obtained and preseived in a form 
suitable for experiment in the laboratory and for administration as a reme- 
dial agent. 

The third object of my investigations has especially occupied my atten- 
tion in a long series of experiments at the Royal Hospital for Diseases of 
the Chest. Full details of these and of the results obtained have been 
published from time to time, during the last four years, in the medical jour- 
nals ; I shall not, therefore, occupy the time of the Society with any account 
of them in this paper. 


If. “On a supposed Connexion between the Amount of Rainfall 
and the Changes of the Moon,” being an extract of a Letter 
from J. H. N. Hennesszy, Esq., First Assistant on the Great 
Trigonometrical Survey of India, to General Saninn, R.A., 
Pres. R.S. Communicated by the President. Received No- 
vember 7, 1867. 


Allow me now to say a few words in connexion with the enclosed paper. 
There appears to prevail a belief, more or less popular, to the effect that 
more rain falls at “the changes of the moon”’’ than on the intermediate 
days of alunation. As I happened to possess a record of the rainfall at 
the office of the Superintendent of the Great Trigonometrical Survey of 
Mussoorie, extending over thirteen consecutive years, I obtained Colonel 
Walker’s permission to make use of the register, i connexion with this 
popular belief. 

The results tabulated have been obtained by employing an average daily 
fall as the means for comparing the fall a¢ “the changes” with that at 
intermediate intervals. The method of calculation adopted is explained in 
the footnote to the Table. The annual average result may be stated 
thus :— 

inch. 
At “the changes”’ of the moon the mean daily fall of rain is, . 0°466 


Between “the changes ’’ of the moon the mean daily fall is,, ,. 0°28 
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which is in opposition to the popular belief on the subject. I enclose the 
Table, on the chance of its proving sufficiently interesting to be noticed. 


Average daily fall of rain between successive quarters and at each quarter 
of the moon from Ist of May to 31st of October of each year, measured 
at the Office of the Superintendent of the Great Trigonometrical Survey 
of India. The office stands in Mussoorie, on the mest southern range 
of the Himalaya Mountains, lat. N. 30° 28’, long. E. of Greenwich 
78° 7'; height above mean sea-level 6500 feet. 


- Total Fall 
pe Average Daily Fall. Fas May 
2 2 ee en ee ee eee ne One 
Pt.@e| @ (@ty| »D |d tool O Joto>| » | reReEeE | 
inch. inch. inch. inch. inch. inch. inch. inch. — | inches.. 
1S. Sap ae ae 644 | -374 | 813 | -176 | -630 | 096 | 512 } -Gal 10072 
TODS Shoe. 456 | “204 | -360 | 918 | B11 | -356 | "75s fas 85°85 
HSNO eS oes “732 | “745 | “703 | 2387 | -397 § -588 1 een ete 93-28 
1857 <2 225.) --280 | -819. ). "794 11-013 | +521, b -136 | 3687) ells 88:27 
| USD Bo bo. 402 | -448 | -485 | -298 | -518 | -157 | -705| “3738 84-61 
TSo9 oft Les ‘665. -263. [| +253 | -642 | -306 |} -253 ) 570) “has 73°31 
PS60: 32 48.2 306 | -228 | -430 | -719 | 564} -205 | -301 | -073 65:81 
LSE es. 685 | -678 |1:014 | -372 |1:3382 | -287 | -577 | °855 | 141-16 
NEG Shee ‘611 | -620 | -513 | -651 | -364 |. -852 | --645 | “580 93°91 | 
ASOS ces S 348 | -342 | 862] -932 | -511 | -595 | -291 | 546 93-03 
W864 Pes e. 762 | '-409 | 545 | -292 | 304) -328 | -237 | "352 82°19 
BOOTS poe ‘543 | -235. | 276 | 120) -443 | -526 ) -biGr ie 7e5 76:37 
WSCG. cp Sea. 135 | °360 | -402 | -580 | °636 | -809 | -452 | -483 81:15 
Means a 509 |.-402 | 573 | 585 | 533] 399 | -483 | 529] 89-589 
columns é 
General mean of @ ) © yp fei es eee eee 0-466 inch. 
General mean of ) to @, @to ), ) toO,o toy ...... 025 ,, 


Note.—The rainfall during the preceding twenty-four hours was mea- 
sured daily at mean noon. Suppose m,, m,, m,, ™m,,M;,M,, M-, M,, m, to de- 
note nine such consecutive measurements of daily rainfall, registered at 
Mussoorie mean noon, respectively on the ist, 2nd ... 9th of the month, 
and that the moon entered her first quarter at an hour nearer to noon of 
the lst than to the preceding or succeeding ncons. In this case the arith- 
metical mean of m, and m, has been entered in column ) as the average 
daily fall at the first quarter. Similarly, if full moon occurred nearest to 


noon of the 8th, the quantity Po has been reckoned as the average 
m, 7 
daily fall aé full moon; and oS represents the average 


daily fall from ) to ©. The foregoing Table has been prepared under 
these conditions by Baboo Dwarkanath Dutt, Computer to the Great 'Tm- 
gonometrical Survey of India. 


ele 
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III. “Researches conducted for the Medical Department of the 
Privy Council at the Pathological Laboratory of St. Thomas’s 
Hospital.” By J. L. W. Taupicnum, M.D. Communicated by 
JouN Simon, Esq., Medical Officer of the Privy Council. First 
Series.—The Chemical Nature and Composition, Combinations, 
and Metamorphoses of the Colouring-matters of Bile. Received 


November 14, 1867. 
(Abstract. ) 
I. On Cholopheine or Bilirubine and its Compounds. 

Sect.1. The paper commences with a short historical retrospect on the lite- 
ratureof the subject under consideration, in which the researches of Berzelius, 
Scherer, Hein, Marchand, Heintz, Maly, and Stadeler are mentioned. 
Sect. 2. The author then describes the mode of obtaining a red colouring- 
matter from ox-gallstones. These concretions have to be extracted with 
water, alcohol, ether, dilute hydrochloric acid, and ultimately, after re- 
peated extraction with boiling alcohol and ether, with chloroform. This 
agent dissolves bzlirubine or cholopheine, and deposits it, on concentration 
and the addition of absolute alcohol, in an amorphous condition, or in a 
crystallized state. Sect. 3. The crystals are dark brown, and have a 
splendid blue lustre. They are rhombic plates, as represented by a draw- 
ing in outline taken from a specimen magnified about twenty times. The 
amorphous or only crystalline modification is a powder of a splendid red, 
nearly orange-colour. Sect. 4. The elementary analysis of several speci- 
mens yielded results which led to the formula C,H, NO,. Sect. 5. Buil- 
rubine dissolves in ammonia, but does not form any permanent compound 
with it. Its combinations with fixed caustic alkalies are insoluble in an 
excess of lye. The neutral alkali solution, mostly the one in ammonia, 
yields neutral salts with monodynamic metals, half-acid salts with didy- 
namic ones. 

The neutral monohydrated cholopheinate of silver, C, H,, Ag NO,, 
Ag=37'5 per cent., is a reddish-brown precipitate, which does not lose the 
atom of waterat 110°C. Asa hydrated silver-salt it is anomalous; buta 
few other animal products, such as hippuric acid, are known also to form 
such hydrated silver-salts. By means of this compound, the formula of 
bilirubine, or cholopheine, above given, is shown to express its atomic 
weight. 

The basic anhydrous cholopheinate of silver, C, H, Ag, NO,, Ag 
=097°29 per cent., is obtained from an alkaline solution of cholopheine 
and silver nitrate in ammonia, by cautiously reducing the amount of free 
alkali by means of nitric acid. The compound is analogous to a lead-salt, 
C, H, Pb NO, described lower down. 

The neutral cholopheinate of barium is precipitated from an alkaline 
solution, and has the composition C,, H,, Ba N, O,, Ba=27-56 per cent. 

The half-acid cholopheinate or sesquicholopheinate is ©,, H,, Ba 


a 
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N, O,, Ba=20°75 per cent., and precipitated by neutral Ba salts from a 
neutral solution in ammonia. The differences between these salts were 
established in all their details by analyses, the means of which compare 
_with theory as follows :— 


Neutral salt. Half-acid salt. 
Atom. W. 477. Atom. W. 660. 
Ga aS Me LS fN 
Theory. Found. Theory. Found. 
Orie es Te une 43°46 44°58 49°09 50°63 
Gee Pee eee 4°02 3°98 4°39 A°37 
BB Are aren here ace, 27-56 DDS 20°75 20°66 


The discovery of these salts was of particular importance, as they led to 
the discovery of similar calcium compounds, and thereby to important 
theoretical developments. 


The neutral calcium-salt, The half-acid calcium-salt, 
C,, H,, CaN, 9,. C,, H,, Ca N, 9,. 
Atom. W. 400. Atom: W. 563. 
—— ee es 
Theory. Found. Theory. Found. 
a seas set 54 23°86 57°04 60°37 
1 Bye GaN is tion 5 4°90 a°15 5°74 
(SF eae age i thy, 10 10°17 TN 6°91 


The calcium compound, on the basis of which Stadeler had assumed 
C,, H,,N, ©, to be the atomic formula of bilirubine, had yielded him (one 
analysis) 9°1 per cent. of calcium oxide, therefore less calcium than was found 
in the analysis of the half-acid salt, or 6°5 percent. There is no doubt that 
Stadeler had this halfacid compound before him. He unfortunately ob- 
tained the most unstable and uncertain of all the compounds of bilirubine, 
and mistook it for a neutral salt, abandoning his former correct analysis 
and formula of free bilirubine. With Stadeler’s last formula of bilirubine fall 
the formulee of all other substances described by him under the names of 
biliverdine, biliprasin, bilifuscine, and bilihumine. 

The half-acid cholopheinate of zinc, C,, H,, Zn N, O,, with 11°05 per 
cent. of Zn, and the neutral cholophainate of lead, €,, H,, Pb N, 9, 
Pb=36°'50 per cent., were also obtained. Baste cholopheinate of lead is 
analogous to the basic silver-salt, as in it two atoms of hydrogen are re- 
placed by one didynamic atom oflead. Formula=C, H,Pb NO,, Pbh=56:25 
per cent. 

Some copper compounds were also obtained. 

A. new reaction for cholopheine is given. It consists in dissolving 
the dry powder in fuming sulphuric acid. A splendid green is at once 
produced. The substance is not biliverdine, but a product which, 
when isolated, contains an atom of water more than bilirubine, and is 
©, H,, NO,, and is named cholothalline by the author. Cholothalline 
colours woo! of a fast green, indestructible by acid, discharged by ammonia, 

Cholophesine also yields a blyscolonred substance by treatment with 
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nitric acid (cholocyanine), of which the peculiar spectrum was determined. 
A great number of green, blue, violet, and red bodies can be produced by 
appropriate agents, which, if they could be obtained on a large scale, might 
find technical application. 


II. On Biliverdine or Cholochlorine and its Compounds. 


Sect. i treats of the mode of obtaining biliverdine. Cholopheine is dis- 
solved in carbonate of potassium, and warmed while a current of air is 
passed through it. When the solution is green, it is precipitated with 
hydrochloric acid. The precipitated biliverdine is easily soluble in alcohol. 
Sect. 2 describes the physical properties of biliverdine, as a non-crystalline 
splendidly green substance, the solution of which gives no particular absorp- 
tion phenomena in the spectrum. Sect 3 gives the elementary analyses and 
theory of biliverdine, which led to the formula C,H, NO,. Thus it was 
shown that it originated from cholophzeine by the addition of oxygen and 
subsequent subtraction of carbonic acid. 

€, H, NO,+20=€, H, NO,+CO.. 

Sect. 4. treats of the compounds of biliverdine. The calcium-salt was not 
obtained pure. The barium-salt appeared to be C,, H,, Ba N,O., and was 
precipitated by baryta-water from an alcoholic solution of biliverdine. It 
consequently consisted of one atom of the neutral salt with an atom of 
biliverdine and one of water. Lead and copper compounds were also ob- 
tained. No insoluble silver-salt could be obtained. The addition of oxide 
of silver to an alcoholic solution caused a reaction, consisting in an oxida- 
tion of the biliverdine. 

A new reaction for biliverdine is stated. When dissolved in alcoholic 
ammonia, and boiled with an ammoniacal solution of silver nitrate, silver is 
deposited, and on addition of an acid a splendid purple matter is produced 
(bilipurpine). 

Of these new substances and others the author hopes to treat in future 
communications. 

Chlorine and other substitution-products are also mentioned. 

The foregoing contributions will make the chemistry of the bile in the 
main complete. Human bile contains cholopheeine, but most commonly 
by the side of it d2/zfuscine, a brown substance to be treated of hereafter. 


Second Series. —The Chemical Nature and Composition, Combina- 
tions and Metamorphoses of the Colouring-matter of the Urine. 


I, On Uromelanine, a product of decomposition of Urochrome. 

In the Hastings Prize Essay for 1864 the author described a substance 
to which he gave the name of Uromelanine, on account of its origin and 
black colour. He now describes the method of obtaining it from putrid 
urine as well as fresh, and a method of purification by which it is obtained 
of uniform composition and in a pseudo-erystalline condition. 


He has prepared twelve specimens by various processes, and analyzed 
many of them, as well as a great number of their compounds, with various 
metals. These preparations are marked respectively as in the following 
list :— | 

Prize Essay preparations. Compounds. 

By boiling with H, SQ, :— 

A. {. From fresh urine. Elementary analyses. Neutral. Ba salt (Ur, Ba), 
Zn salt (Ur, Zn,), Pb salt (Ur, Pb,). 
A. II. From fresh urine. Ag salt (Ur Ag), Ba salt (Ur, Ba,). 
By addition of H, SQ, no boiling :— 
A. III. From putrid urme. Ag salt (Or Ag), Ba salt (Ur, Ba,), €a salt 
(Or, Ca,). | 
Preparations made for the present research. 
By boiling with H, SO, :— 
BT. 
B. II. Two elementary analyses. 
B. III. 

Before boiling with H, SO, :— 
€. 1. 

After boiling :— 

C. II. Six elementary analyses. 

Before boiling :— 

D. I. Two N determinations. N=13°58 percent. Ag salt (Ur, Ag.), Ca 
salt (Or, Ca) and (Ur, Ca,), Zine-salt (Ur, Zn). 

After boiling with H, SO, :— 

Dei. 

DD. ATE. 

D.IV. Two N determinations. N=12°40 per cent. Ag salt (Ur, Ag.), Ba 
salt (Ur, Ba) and Zinc-salt (Ur, Zn). . 


Synopsis of Uromelanates obtained with the foregoing preparations. 


Silver-salts. 


Preparation. Up = Ag. Ag. found. 
(Ap BA CATE eo: Teed 13°38 per cent. 
(DEY see rere aici: emer et) 18°37 ae 
63 Pat RN etre ee RE S77. ’ 

Barium-salts. 

Dr + Pa. Ba found. 
(BR. 4 Vo Gee ee Dita 2 7°20 per cent. 
(Ay T.,- CB TV a2 ae | 8°34 93 


(AU JL) (ACT jane 13,98, aie 


i 
b 


218 Dr. Thudichum on the Colouring-matter ofthe Urine. [Dec.12, 


1867.] Dr. Thudichum on the Colouring-matter of the Urine. 219 


Calcium-salts. 


Ur + Ga. Ga found. 
(CDSE i eee Pie b = 2 2°03 per cent. 
CA a isiclsis cat uta ae! S 4°35 a 
OT) eo owing ote se 8 4:27 m5 

Zinc-salts. 

Ur — Zn. Yn found. 
(LUGS) eR ge rs aie 2°82 per cent. 
CD) aires ree |B) 3°54 bis 
(1D) gd EA) ea tear 2° 1 4°42 ey 

Lead-salt. 

Ur + Pb. Pb found. 
(BLASTS) Ie ate eer 3 > 2 15°70 per cent. 


The analyses of (A. 1.), (A. III.), (D.I.), (D. TV.), and of the two- 


thirds basic silver-salt (Ur, Ag.) determined uromelanine to be ©,, H, 
Ne OF. 


Theory of atoms. Per cent. Found, mean. 
Se ele of ch 432 58°93 57°21 
esis o a) 8) be. 43 5°86 74 
NS Se eee 98 13°36 12°88 
SC.  eee 160 21°85 24:17 

733 100:00 100-00 


The normal silver-salt is C,, H,, Ag N, ©,, and is therefore Ur+Ag 
—H, ©. One atom of water leaves Ur when Ag enters, besides H. 
The half-basic silver-salt shows no loss of water. 


The two-thirds basic silver-salt, Ur, Ag., is an exceedingly well-defined 
compound. Its formula is €,,, H,,, Ag, N,, O,,. 


Required in 100. Found. 
Bole cepa We ee 46°90 
AO a, ce 4°53 4°77 
Bees ee. NOTA Loge 
Nee he HOGS y3 10°36 
oa Seer 17:57 18°20 

100:°00 100:00 


The other nine salts mentioned in the synopsis have all been analyzed. 
They support each other’s theory, and the details of their description must 
be seen in the main paper. 

Uromelanine is a product of decomposition of the yellow-coloured in- 
gredient of the urine, urochrome. Its atomic weight (733) is higher 
than that of any other product of decomposition of animal or organic 
matter ; it contains neither sulphur nor iron. While the analyses of 
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cholophzine and biliverdine have shown that they have no apparent rela- 
tion to hematine, as was formerly supposed, the analyses of uromelanine 
have made it probable that this substance is a derivative of the coloured part 
of the blood, cruorine or hematocrystalline, not, however, of hematine, 
_ for the atomic weight of hematine is apparently smaller than that of uro- 
melanine. But crystallized cruorine has an atomic weight of about 13,000 
(Fe=0°45 per cent.). From sucha body urochrome, including as it does 
uromelanine, uropittine, omicholine, and perhaps other matters (to be 
described in future communications), might be derived with an atomic 
weight of perhaps 1500, being itself near that of albumen (1612), but 
unable to derive from it. The author thinks it possible that the quantity 
of blood-disintegration might be measured by determining the amount of 
uromelanine obtainable from given quantities of urine excreted in given times. 
In any case uromelanine is one of the most remarkable substances in the 
whole domain of organic and animal chemistry, aud the further study of 
its metamorphoses cannot fail to yield highly interesting results. 


December 19, 1867. 
Lieut.-General SABINE, President, in the Chair. 


Pursuant to notice given at the last Meeting, Professor Stokes proposed, 
and Mr. De la Rue seconded, the Right Honourable the Earl of Rosse for 
election and immediate ballot. 

The ballot having been taken, the Earl of Rosse was declared duly 
elected. 

The Bakerian Lecture, ‘‘ Researches on Vanadium,” was delivered by 
Prof. H. E. Roscoe, Pn.D., F.R.S. 


Tue Baxerian Lecture.—“ Researches onVanadium.”—Part I. By 
Henry E. Roscoz, B.A., F.R.S. Received November 20, 1867. 


(Abstract.) 


I. Introduction. 

Amongst the physical properties which point out the general relation- 
ship and classification of chemical compounds, none has so deservedly ob- 
tained the confidence of chemists as isomorphism. The vanadium com- 
pounds have, however, proved a remarkable and unexplained exception to 
the conclusions which generally follow from well ascertained identity of 
crystalline form. Rammelsberg, and afterwards, more completely, Schabus, 
pointed out the fact that the mineral vanadinite from several localities (a 
compound of lead vanadate and lead chloride) is isomorphous with apatite, 
pyromorphite, and mimetesite, minerals consisting of calcium phesphato- 
chloride, lead phosphato-chloride, and lead arsenato-chloride. 

The crystalline form of all these minerals is an hexagonal prism, termi- 
nated by 6-sided pyramids, So far indeed has the isomorphism of these 
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compounds been traced, that in many specimens these minerals have been 
found to crystallize together in all proportions ; and Heddle describes a 
crystal in his possession, the upper half of which consists of vanadinite and 
the lower half of pyromorphite. 

Our knowledge concerning the chemical composition of the oxides of va- 
nadium is derived from the accurate analytical results of Berzelius, to whose 
celebrated research (1831) on vanadium we are indebted for almost all we 
know of this metal and its compounds. From these experiments, more or less 
completely confirmed by Schafarik and Czudnowicz, it appears that the for- 
mula of vanadic acid is VO,. Hence it is evident that we have here to do with 
either a case of dissimilarly constituted substances acting as isomorphous 
bodies and crystallizing together, or else the conclusions of Berzelius are 
mistaken, and the true formula of vanadic acid is V,O,, corresponding to 
phosphorus and arsenic pentoxides. The first of these alternatives has been 
properly accepted by most chemists as the only present solution of the dif- 
ficulty, inasmuch as the definite experimental data given by Berzelius ren- 
der the assumption of any other formula but VO, for vanadic acid perfectly 
gratuitous in the absence of experiments proving these data to be erroneous. 
- Berzelius based his conclusions on the following experiments, viz. 
(1) the constant loss of weight which vanadic acid undergoes on reduction 
in hydrogen at a red heat; (2) the action of chlorine on this reduced 
oxide, when a volatile chloride is formed and a residue of vanadic acid re- 
mains, which is found to be exactly one-third of the quantity originally 
taken for reduction in hydrogen. Hence Berzelius concludes that the 
number of atoms of oxygen in the oxide is to that in the acid in the pro- 
portion of 1 to 3; so that (assuming the lowest oxide to contain one 
atom of oxygen) the acid contains three atoms of oxygen, a result 
which he finds borne out by its capacity of saturation. The question 
whether the acid contains one or two atoms of metal Berzelius decides in 
favour of the former view, by finding that no compound corresponding to 
the alumsis formed when vanadic acid is brought together with sulphuric 
acid and potash. The analyses of the volatile chloride made both by Ber- 
zelius and Schafarik confirm this conclusion, and place beyond all doubt 
the fact that, if the atomic weight of vanadium be taken to be 68°5 and 
O=8, the formula of vanadic acid is VO,, that of the oxide prepared by 
reduction VO, and that of the chloride VCi,. 

In the present communication the author, whilst confirming these funda- 
mental results in every particular, still arrives at a totally different conclu- 
sion from Berzefius respecting the constitution of vanadic acid and all the 
other vanadium compounds; for he proves that the true formula of vanadic 
acid is V,O,, when O= 16, and the true atomic weight of vanadium V=51°2, 
inasmuch as the substance supposed to be vanadium is not the metal but 
an oxide, with an atomic weight of 67°2, nearly that of Berzelius’s metal, 
whilst the supposed terchloride is an oxychloride. 

VOL. XVI. x 
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The following are the grounds upon which these conclusions are based ; 
the experimental proofs are contained in the memoir :— 


(1) An oxide of vanadium exists having the atomic weight 67:2 (that of 
the metal of Berzelius). _ Hence vanadic acid contains more than 
three atoms of oxygen. 

(2) The following vanadium oxides have been obtained, both in the dry 
and wet way, and their composition determined :— 


(1) VO*, vanadium monoxide, or vanadyl = 67:2 
(2) V.O,, vanadium sesquioxide (Berzelius’s suboxide) ,, 150-4 
_(8) VO,, vanadium dioxide | Pe ss) 4 
(4) V,O,, vanadium pentoxide (vanadic acid) » 182-4 


(3) The so-called terchloride of vanadium, VCI,(V = 67:2), contains 
oxygen; it is an oxychloride having the formula VOCI, (V=51°2) ; 
it may be called vanadyl trichloride, or vanadium oxytrichloride, and 
corresponds to POCI,, phosphory] trichloride. 

(4) Three other solid oxychlorides exist, having the composition 

(Ist) VOCI,, vanadyl dichloride, or vanadium oxydichloride. 
(2nd) VOCI, vanadyl monochloride, or vanadium oxymonochloride. 
(3rd) V,O,Cl, divanadyl monochloride. 

(5) All the native vanadates are tribasic. 

(6) Vanadium pentoxide fused with sodium carbonate displaces three 
molecules of carbon dioxide, showing that normal or ortho-sodium 
vanadate is tribasic, the formula of this salt being Na,VO,. 

(7) The so-called monovanadates are salts corresponding to the mono- 
basic phosphates, and may be termed metavanadates; thus, NaVO., 
NH,VO,, Ba2VO,. The so-called bivanadates are anhydro-salts, 
similar in constitution to the anhydro-salts of chromic and boric 
acids. 

(8) Vanadium nitride has been prepared, which, on analysis, was 
shown to contain 51:2 parts by weight of vanadium to 14 parts of 
nitrogen. 

All the reactions according to which vanadic acid was supposed (Berzelius, 
Rammelsberg, Schafarik) to contain three atoms of oxygen with an atomic 
weight V=67'2, can equally well be explained when V,O, (V=51:2) is 
taken to represent the composition of this substance. That this is the case 
is seen from the following :— 


Berzelius’s formule. New formule. 
(¥ =68'5.. O=8.) (V=512) (O16 
(1) vVO,+H, =VO + H,O, V,0,+2H,=V,O,+2 (HO) 


(2) 3(VO)+Cl;=VO,+2(VCl,) 3 (V,0,)+6Cl,=V,0,+4 (VOCI,) 


* Tt is possible that the molecular formule of these substances (VO,VO.), as well as 
those of the solid oxychlorides, may be a multiple of the above. Further experiment 
must decide whether or not these oxides, like the corresponding nitrogen compounds, 
are an exception to the law of even atomicities, 
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II. Occurrence and Preparation of the Vanadium Compounds. 


The sources of vanadium have hitherto yielded the compounds of this 
metal in extremely small quantities, aud consequently our knowledge of the 
substance is but limited. ‘The attention of the author was drawn to the 
occurrence of vanadium in some of the copper-bearing beds of the Lower 
Keuper Sandstone of the Trias, worked at Alderley Edge and Mottram St. 
Andrews, in Cheshire. He obtained a large quantity of a lime precipitate, 
containing nearly 2 per cent. of vanadium, obtained in working up a poor 
cobalt-ore from Mottram in a mine now closed. The precipitate, contain- 
ing mainly arsenic, iron, lead, copper, vanadium, and lime, with sulphuric 
and phosphoric acids, was first well furnaced with ground coal, to drive off 
the greater portion of the arsenic, and then roasted with one-quarter of its 
weight of soda-ash, so as to convert the vanadium into a soluble vanadate, 
and on lixiviation arsenic and the heavy metals were completely thrown 
down by sulphuretted hydrogen. The deep-blue solution was neutralized 
by ammonia, the precipitated vanadium oxide dried and oxidized by nitric 
acid, and the crude vanadium pentoxide thus obtained boiled out with a satu- 
rated solution of ammonium carbonate. The slightly soluble ammonium vana- 
date was washed and recrystallized. In order to prepare purevanadium pent- 
oxide from this salt it was roasted, and the powder thus obtained suspended 
in water into which ammonia gas was passed. ‘The dissolved ammonium 
vanadate was separated by filtration from a residue containing silica, phos- 
phates, &c. The pentoxide obtained by heating this salt was free from 
phosphorus. A second method of preparing the pure vanadium pentoxide | 
consists in decomposing the pure oxychloride in water, and freeing the pent- 
oxide from any traces of silica by exposure to hydrofluoric-acid gas. Great 
difficulty was experienced in obtaining vanadium free from phosphorus ; all 
the native vanadates contain large quantities of phosphorus. The action of 
traces of this substance upon vanadium pentoxide is remarkable; 1 per 
cent. of phosphoric acid renders crystalline vanadium pentoxide black and 
amorphous, whilst the presence of the merest trace altogether prevents the 
reduction of the pentoxide in hydrogen. 


III. Atomic Weight determination of Vanadium by reduction of Vanadium 
Pentoxide in Hydrogen. 


This method was the one originally employed by Berzelius. It is per- 
fectly reliable, and yields accurate results when carried out with care and 
due regard to the necessary precautions, which are detailed in the me- 
moir. 

In drying the pure hydrogen gas only sulphuric acid can be used, as 
phosphorus pentoxide used in the last drying-tube was found invariably to 
be carried over into the boat containing the substance ; and the presence of 
a trace of phosphoric acid renders the complete reduction to sesquioxide 
impossible. 


224 3 Prof. Roscoe on Vanadium. [ Dee. 19; 


The formula of vanadium pentoxide being V,O,, and that of the oxide 
obtained by reduction being V,O,, the atomic weight of the metal is found 
from the equation 


8 (56—3a) 
2 = ———— 
a—b 
where a=the weight of vanadium pentoxide taken, and 
b= ~ 3 sesquioxide obtained. 


In each of the determinations a weight of not less than 5 grammes of 
substance was operated on. 


Weight of vanadium Weight of vanadium Atomic weight 


Nos. pentoxide taken. sesquioxide obtained. of vanadium. 
Lie Me ae ea Tp oop pose 06 63827) eee AG 
Dir ica tone aes ODS1O Ter a DA290 oe ome 91°39 
Shs techs NSO) ee tee EPSOM a sip be 5 51-48 
AEN Teka 5)200)4 IU) tant ties Bis 4VOTA 2 eee 51°35 


Hence the mean atomic weight from these experiments is 51°37, with a 
mean error of + 0°066. Berzelius’s number, calculated according to the 
above equation, is 52°55. The difference is probably owing to the fact 
that his vanadium contained a trace of phosphorus, which prevented the 
complete reduction. 


IV. The Vanadium Oxides. 


(1) Vanadium monoxide, or vanadyl............ VO or V,O, 

(2) Hi sesquioxide (Berzelius’s suboxide).. V,O, or V,O,+0 
(3) 5 dioxide (Berzelius’s vanadic oxide).. VO, or V,O,+0, 
(4) AG pentoxide (vanadic acid).......... VO, or V,O,+0, 


(1) Vanadium Monoxide, VYO=67:2.—In its power of uniting with 
oxygen vanadium surpasses uranium, as observed by Peligot; and as this 
oxide is found to enter into many of its compounds, the name Vanadyl may 
appropriately be given to it. 

Vanadium monoxide is a grey powder possessing a metallic lustre, and 
is obtained by passing the vapour of vanadyl trichloride, mixed with 
excess of hydrogen, through a combustion-tube containing red-hot carbon. 

This oxide may be prepared in solution by, the action of nascent hydro- 
gen, evolved by metallic zinc, cadmium, or sodium amalgam, upon a solu- 
tion of vanadic acid in sulphuric acid. After passing through all shades 
of blue and green, the liquid attains a permanent lavender tint, and con- 
tains the vanadium in solution as monoxide. This compound absorbs 
oxygen with such avidity as to bleach indigo and other vegetable colouring- 
matters as quickly as chlorine, and far more powerfully than any other 
known reducing agent. The degree of oxidation of the dissolved vanadium 
was estimated by a standard solution of permanganate, which had been 
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proved to give accurate results with a vanadium oxide of known composi- 
tion, the point of maximum oxidation being obtained when the solution 
became pink. According to this method, 100 parts of vanadium pentoxide 
were shown to have lost 26°53 per cent. of oxygen on reduction with zinc ; 
the percentage loss from V,O, to VO, is 26°3. 

When the neutral lavender-coloured solution of a monoxide salt is allowed 
to stand exposed to the air for a few seconds, the colour changes toa deep 
chocolate-brown from absorption of oxygen; indeed this reaction for 
oxygen is as delicate as that of an alkaline pyrogallate. If air be passed 
through the acid lavender-coloured solution of vanadous sulphate, oxygen 
is absorbed, and the liquid assumes a permanent blue colour, and the vana- 
dium is contained in solution as dioxide. If the free acid contained in the 
lavender solution be neutralized by zine, the liquid on exposure to air at- 
tains a permanent brown tint, which, on addition of acids, becomes green, 
and the solution contains sesquioxide. 

(2) Vanadium Sesquiowide, V,O,=150°4 (Berzelius’s suboxide).—Ob- 
tained as a black powder by reducing vanadium pentoxide in hydrogen 
at red heat, When exposed warm to the air it glows, absorbs oxygen, 
and passes into the highest oxide. At the ordinary atmospheric tem- 
perature it slowly absorbs oxygen, and is converted into dioxide. Vana- 
dium sesquioxide is insoluble in acids, but may be obtained in solution by 
the reducing action of nascent hydrogen evolved from metallic magnesium 
upon a solution of vanadic acid in sulphuric acid. The changes of colour 
observed in the case of the monoxide solutions do not continue beyond the 
green, and the liquid contains vanadium in solution as sesquioxide. 100 
parts of vanadium pentoxide were found to lose, on reduction with mag- 
nesium, 17°7 per cent. of oxygen; the loss on reduction to V,O, is 17°5 
per cent. Solutions of vanadium sesquioxide can also be obtained by par- 
tial oxidation of the lavender-coloured solution containing monoxide. 

Chlorine attacks the sesquioxide in the manner first pointed out by Ber- 
zelius according to the formula 3 (V,0,)+6Cl,=V,0O,+4(VOCI,). 

(3) Vanadium Diowide, VO,=83°2 (the vanadic oxide of Berzelius).—This 
oxide was obtained by Berzelius by precipitation from its salts. It may 
also be prepared in the form of blue shining crystals by allowing the 
sesquioxide to absorb oxygen at ordinary temperatures. It is contained 
in solutions, having a bright blue colour, prepared by the action of mode- 
rate reducing agents, such as sulphur dioxide and sulphuretted hydrogen, 
oxalic acid, &c., upon vanadic acid in solution. 100 parts of vanadium 
pentoxide were found to lose, on reduction with the two first-named agents, 
9-03 per cent. ; the loss on reduction to VO, is 8°75. Solutions containing 
the dioxide are obtained by passing air through acid solutions of the 
monoxide until a permanent blue colour is attained. 

(4) Vanadium Pentoxide, V,O, (vanadic acid= 182:4).—The properties 
of this oxide and its compounds are considered only so far as is necessary 
for the elucidation of the true atomic weight of the metal. 
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Constitution of the so-called Monovanadates.—The analyses of Berzelius 
serve to point out, when the new atomic weight is adopted, that these 
compounds prove to be metavanadates ; thus— 


Berzelius’s formule. 


(V=685. O=8.) 


Ammonmiaesalies: . i. ee ee NH,VO,+HO 
Barium A soit RMR ea TIS Sac BaOVO, 


New formule. 
(VY =o1F2 0 — 16: bata) 


r 
Ammonium metavanadate ...... NH, VO, or oe 4 } 0, 
Barium metavanadate.......... BaY,O, or a } 0, 


The bivanadates are anhydro-salts having the composition Z2(NaVO), 
+V,0,, or perhaps Na,V,0,+3V,0,. 

Berzelius’s analysis of this ammonium salt was carefully confirmed, ex- 
periment showing that the salt yielded 77°75 per cent. of vanadium pent- 
oxide, theory requiring 77°82 per cent. The bivanadates analyzed by 
Von Hauer prove to be anhydro-salts, analogous to certain chromates and 
borates, and possessing the composition 2(NaVO,)+V,0.. 

The normal or ortho-vanadates are tribasic ; the sodium salt is Na, VO,, or - 
ie | O,; this is shown by the fact that vanadium pentoxide (V,O.), when 
fused with sodium carbonate, displaces 3 molecules of carbon dioxide. 

It is the author’s intention to investigate the composition of the vana- 


dates at a future time. 


V. Vanadium Oxychlorides, and Second Atomic Weight determination of 
the Metal. 


(1) Vanadium Oxytrichloride, or Vanadyl Trichloride, VOC\,.—Mole- 
cular weight 173°2. The fact that the lemon-coloured liquid chloride of 
vanadium prepared by the action of chlorine upon the sesquioxide (Ber- 
zelius) contains oxygen, contrary to the statements of previous experi- 
menters, was ascertained (1) by obtaining carbon dioxide from the decom- 
position of the vapour of the oxychloride passing over red-hot charcoal, (2) 
by the production of magnesia by the action of magnesium, (3) by the for- 
mation of caustic soda by the action of sodium, (4) by the formation of va- 
nadium sesquioxide when the vapour of the oxychloride was passed with 
pure hydrogen through a heated tube. 

The specific gravity of vanadyl trichloride was found to be 1:841 at 
14°-5, and its vapour-density 88°2 (H=1), or 6:108 (air=1), and its boiling- 
point 126-7 under 767:0 millims. (determined on 100 grammes of substance). 
Vanadyl trichloride, most carefully purified, was analyzed many times with 
every precaution, the chlorine being estimated both by Gay-Lussac’s pro- 
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cess and by ordinary weight analysis. Nine volumetric analyses gave 61°306 
per cent. of chlorine; seven gravimetric determinations gave 61:241 per 
cent. From these numbers an atomic weight of 51:05 for vanadium is 
obtained. The meanof 51°05 and 51°37, the number which the reduction ex- 
periments yielded, viz. 51°21, is taken as the true atomic weight of vanadium. 

The vanadium in this chloride was determined as pentoxide. The result 
of the analyses is as follows :— 


Calculated. Found. 
ie ey al Deets AO NIT IS ya ia orp 29°58 
Cl,= LO Ose ee fe as ODA ie ake ics 61°27 
Oo 6 0 eres 2 ns OIE rlecele fares aeaia —- 

733! 100-00 


(2) Vanadium Oxydichloride, or Vanadyl Dichloride, VOC],=137:9.— 
This substance is a light green crystalline solid body, obtained by the action 
of zinc on the trichloride at 400° in sealed tubes. It has a specific gravity 
of 2°88, is insoluble in water, but deliquesces on long exposure to air, and 
dissolves easily in acids. Analysis gave 


Calculated. Found. 
A SIE Beer eye CE BSA Ssaemeeiagnene ee 37°58 
Cl, POORES She meatenaere i PO), 7 50°73 
(DT aye A LAGOS a sarees —_— 
100°00 


(3) Vanadium Oxymonochloride, or Vanadyl Monochloride, VOCI= 
102°57. This body is a brown, light, powdery solid, formed by the action 
of hydrogen upon vanadyl trichloride at a red heat. It is insoluble in 
water, but readily soluble in acids. Analysis gave 


Calculated. Found. 

EE Ae GU tie ge AN SO Om evens 50°21 

(S| Race AOS ne aries SAA ae reread, ee OAS 

0) he I AIS ee ae POD Oe oe oc — 
100:00 


(4) Divanadyl Monochloride, V,O,Cl=169:8. This oxychloride is 
also formed by the action of hydrogen at a red heat on VOCI,. It can 
readily be separated from the foregoing compound, as it is a heavy, 
shining, metallic powder, resembling ‘‘ mosaic gold” in its appearance. 
Analysis gave 


Calculated. Found. 
ees ee gee G0;0% on 6Le69 
Ol be hae eas hee USPS Zi. sca SE ORS 
O ZO Bile iar ccanseee. _—— 
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VI. Vanadium Nitrides. 


(1) Vanadium Mononitride, VN=€5:2.—A greyish powder unalter- 
able in the air, obtained by heating the ammonium oxychloride to white- 
* ness in a current of ammonia. Both vanadium and nitrogen were directly 
estimated, with the following results :— 


Calculated. Found. 
Vanaamm . 2. sd. l7Stow 2. 77'8 
Natrosenay . -. 5 6. OPA. sagen 20:2 


(2) Vanadium Dinitride, VN,=79-2.—A black powder obtained by 
Uhrlaub on heating the ammonium oxychloride to a moderate temperature. 
The vanadium was estimated by Uhrlaub, but he did not understand the 
constitution of the substance, as he assumed the atomic weight of the 
metal to be 68°5, and did not estimate the nitrogen. 

The vanadium nitrides not only demonstrate with absolute certainty the 
true atomic weight of the metal, but they also serve as the starting-point 
from which to commence the study of the metal itself, as well as an en- 
tirely new class of bodies, viz. the compounds of vanadium with chlorine 
and the other halogens. 

The author hopes to describe these interesting substances in the next 
communication. 


The Society then adjourned over the Christmas Recess to Thursday, 
January 9th. 
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January 9, 1868. 
Lieut.-General SABINE, President, in the Chair. 


The following communications were read :— 


I. “ On the Conditions for the existence of Three Equal Roots, or of 
Two Pairs of Equal Roots of a Binary Quartic or Quintic.’ By 
A. Caytry, F.R.S. Received November 26, 1867. 


(Abstract. ) 


In considering the conditions for the existence of given systems of 
equalities between the roots of an equation, we obtain some very interesting 
examples of the composition of relations. A relation is either onefold, 
expressed by a single equation U=0, or it is, say, 4-fold, expressed by a 
system of & or more equations. Of course, as regards onefold relations, 
the theory of the composition is well known: the relation UV=0 is a re- 
lation compounded of the relations U=0, V=0; that is, it is a relation 
satisfied if, and not satisfied unless one or the other of the two component 
relations is satisfied. The like notion of composition applies to relations 
in general ; viz., the compound relation is a relation satisfied if, and not 
not satisfied unless one or the other of the two component relations is 
satisfied. ‘The author purposely refrains at present from any further dis- 
cussion of the theory of composition. ‘The conditions for the existence of 
given systems of equalities between the roots of an equation furnish in- 
stances of such composition; in fact, if we express that the function 
(« (2, y)”, and its first-derived function in regard to 2, or, what is the 
same thing, the first-derived functions in regard to a, y respectively, have a 
common quadric factor, we obtain between the coefficients a certain twofold 
relation, which implies either that the equation (* a, y)"=0 has three 
equal roots, or else that it has two pairs of equal roots; that is, the rela- 
tion in question is satisfied if, and it is not satisfied unless there is satisfied 
either the relation for the existence of three equal roots, or else the relation 
for the existence of two pairs of equal roots; or the relation for the 
quadric factor is compounded of the last-mentioned two relations. The 
relation for the quadriec factor, for any value whatever of n, is at once seen 
to be expressible by means of an oblong matrix, giving rise to a series of 
determinants which are each to be put =0; the relation for three equal 
roots and that for two pairs of equal roots in the particular cases n=4 
and n=5, are given in the author’s “ Memoir on the Conditions for the 
existence of given Systems of Equalities between the roots of an Equation,”’ 
Phil. Trans. t. exlvil. (1857), pp. 727-731 ; and he proposes in the present 
Memoir to exhibit, for the cases in question n=4 and a=5, the connexion 
between the compound relation for the quadric factor and the component 
relations for the three equal roots and for the two pairs of equal roots 
respectively. 

VOL. XVI. Y 


280 Prof. W. Jones on the Caudal Heart of the Hei.  [Jan. 9, 


II. “ The Caudal Heart of the Eel a Lymphatic Heart.—KEffect of 
_ the force with which the lymph-stream is propelled therefrom 
on the flow of blood in the Vein into which the heart opens. 
—Explanation of the appearance of blood propelled in successive 
drops, as if from the heart, along the Caudal Vein.—Influence 
which the force of the lymph-stream from the heart exerts in 
accelerating and promoting the flow of blood in the Caudal Vein.” 
By Toomas Wuarrton Jonszs, F.R.S., Professor of Ophthalmic 
Medicine and Surgery in University College, London, Ophthalmic 
Surgeon to the Hospital, &c. Received November 26, 1867. 


(Abstract. ) 


To explain the true nature of the phenomenon of drops of blood pro- 
pelled in rapid succession, as 7f from the caudal heart, along the caudal 
vein,—to prove thereby that the caudal heart belongs, not to the blood- 
vascular system, but to the lymphatic system,—and to inquire into the in- 
fluence which the force of the lymph-stream from the caudal heart exerts in 
accelerating and promoting the flow of blood in the caudal vein, constitute 
the object of this paper. 

The great caudal vein of the eel is formed by the junction of two trunks, a 
larger and asmaller. It is into the smaller trunk, near its junction with the — 
larger, that the caudal heart opens. At the opening, there is a valve which 
prevents regurgitation of the lymph back from the vein into the heart. 

When by the contraction of the heart the lymph is propelled into the 
vein, the flow of blood from that vessel into the great caudal trunk is 
interrupted by the force of the lymph-stream. From the place where the 
heart opens into the vein to the junction of the latter with the caudal 
trunk, colourless lymph thus replaces red blood; -whilst in the caudal 
trunk itself, the lymph, still under the influence of the heart’s force, so far 
displaces the blood as to flow in a colourless stream on one side of the 
vessel for some distance, distinct from and unmingled with the blood- 
stream from the lower part of the vein and its lateral branches. 

During the diastole of the heart, the stream of lymph into the vein in- 
termitting, the flow of blood from that vessel into the great trunk of the 
caudal vein again takes place. No sooner, however, has a small quantity 
of blood entered than, systole of the heart ensuing, the stream of lymph 
thereby propelled into the vein, drives the small quantity of blood before 
it into the great caudal venous trunk, whilst it at the same time arrests, as 
before, the flow of blood into the great caudal vein from its tributary vessel. 

Through the medium of the stream of lymph propelled into the great 
caudal yein at each stroke of the caudal heart, an impetus is communicated 
to the column of blood in that vessel, which we can see has the effect of acce- 
lerating and promoting its onward flow to the blood-heart of the animal. 

We thus see that the caudal heart of the cel is a lymphatic heart, its 
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function being to receive lymph on the one hand, and to propel it into the 
great vein of the tail on the other, but that, besides this function, it at the 
same time performs the secondary one of accelerating and promoting the flow 
of the blood in the great caudal vein in its course back to the blood-heart. 

So far as the author has been able to ascertain, no one has hitherto given 
a correct explanation of the phenomenon of small drops of blood propelled 
in rapid succession, as if from the caudal heart, along the caudal vein. 
Without first showing that these-small drops of red blood are noé propelled 
from the caudal heart, and without showing that it is colourless lymph 
alone which is really propelled therefrom, no one could be warranted in 
dissenting from Dr. Marshall Hall, the discoverer of the caudal heart, in 
his opinion as to the nature of the organ, viz. that it is an auxiliary blood- 
heart, or in pronouncing it, how correctly soever, to be a lymphatic heart. 


January 16, 1868. 
Lieut.-General SABINE, President, in the Chair. 
The following communication was read we 


Notices of some Parts of the Surface of the Moon, illustrated by 
Drawings. By Joun Pariiurs, M.A., D.C.L., F.B.S., F.G.S., 
Professor of Geology in the University of Oxford. Received 
January 9, 1868. 

(Abstract. ) 


My first serious attempts to portray the aspect of the moon were made 
with the noblest instrument of modern times, the great telescope of Lord 
Rosse, in 1852. The mirror was not in adjustment, so that the axes of the 
incident and reflected pencils of light were inclined at a very sensible 
angle. This being’ met by a large reduction of the working area of the 
mirror, the performance was found to be excellent. I have never seen some - 
parts of the moon so well as on that occasion. But when I came to repre- 
sent what was seen, the difficulty of transferrmg from the-blaze of the 
picture to the dimly lighted paper, on a high exposed station, with little 
power of arranging the drawing-apparatus, was found to be insuperable, 
and the effect was altogether disheartening. It was like setting down 
things ex memorid, to give the rude general meaning, not like an accurate 
and critical copy. I present as a specimen of this memorial a sketch of 
the great crater of Gassendi (No. 1). 

I next mounted, in my garden at York, a small but fine telescope of 
Cooke only 2°4 inches in the aperture; and, aware of the nature of the 
difficulty which*beset me at Birr Castle, I gave it an equatorial mount- 
ing, without, however, a clock movement. The whole was adapted toa 
large solid stone pillar in the open air. It was not possible, with 4, of 
the light of the Rosse mirror, to see so well; but it was easy to represent 
far better what one saw, with a conveniently placed board to hold the draw- 
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ing-paper, a well-arranged light, and no necessity of changing position. I 
made in this manner the drawing of Gassendi which is marked No. 2. 

My next attempt was made in the same situation with a fine tele- 
‘scope by Cooke, of 67-inch aperture and 11 feet sidereal focus, mounted 
equatorially, in the old English mode, and carried by clockwork. With 
this excellent arrangement I was enabled to use photography very success- 
fully, and to obtain selenographs 2 inches across in 5° of time. The draw- 
ing of Gassendi, No. 3, was made with this instrument (1853). 

From these experiments the conclusion was obvious :—that for obtaining 
good drawings of the moon, convenient mounting was actually more im- 
portant than great optical power; and that for such a purpose it was desi- 
rable to increase in every way the comfort of the observer, and furnish him 
with special arrangements for his own position and the placing of his draw- 
ing-board and light. 

Having been called to reside in Oxford (1853-54), my plan for con- 
tinual work on the moon was entirely cut through ; it was impossible to 
mount a large instrument near my dwelling till (@m 1860) the ground was 
arranged about the museum, so as to give me the requisite space and secu- 
tity close to the house which had been appointed for me by the Univer- 
sity. I then arranged with Mr. Cooke for a new telescope of 6 inches 
aperture, to be protected in a well-planned observatory, the construction of 
which was aided by the Royal Society. I now propose to give a short 
notice of some of the results of my work with this instrument, in connexion 
with remarks on the most advisable course to be followed by other surveyors 
of the moon. 

In making drawings of ring-mountains on different parts of the moon’s 
disk, the artist will be much aided by a projection of the mountain-border 
on the scale intended, from a few measures, with its proper figure due to 
the latitude and longitude. Eye-drafts not thus controlled are apt to be- 
come absurd, by the heedless substitution of an ideal circle for a real 
ellipse. ‘Thus I have seen Gassendi forgetfully represented by more than 
one skilful artist. Even with the advantage of sucha projection (of which 
I give an example for Gassendi, No, 5) very considerable difficulties occur. 
One is the variation of outline caused by the displacement of the boundary 
of light and shade—first when the incidence of light varies through different 
angles of elevation of the sun, and next when the moon’s position causes 
her to receive the light at the point observed on a different lunar azimuth. 
Even on so great a ring as Copernicus the variation of the outline as given 
by different artists is remarkable—hardly any one agreeing with what is 
really the most accurate drawing of all, that by P. Secchi; and that repre- 
sents, not a simple ring, but a seven-angled outline. Dates must always 
be annexed to the figures; and as it is rarely possible to complete a good 
drawing of a large crater, except in two or three lunations or more, it 
becomes very essential that a bold free sketch be made of the moon’s 
shadows to control the special work. (No. 6 igs given as an example.) 
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Strictly speaking, there should be at least three drawings of a ring- 
mountain—in morning light, at midday, and in evening. It would be 
better to have five drawings, one at sunrise and another at sunset being 
added to the three already named. It will be found most convenient 
to make the drawings within two hours of the moon’s meridian passage. 

Shadows thrown from objects on the moon have exactly the same 
character as those observable on the earth. They are all margined by 
the penumbra due to the sun’s diametral aspect ; this is always traceable ex- 
cept very near te the object; but in consequence of the smaller dia- 
meter and more rapid curvature of the moon’s surface, the penumbral 
Space is narrower. At the boundary of light and shade, on a broad 
grey level tract, the penumbral space is about nine miles broad, quite 
undefined, of course, but perfectly sensible in the general effect, and worthy 
of special attention while endeavouring to trace the minute ridges (of 
gravel?) or smooth banks (of sand?), which make some of these surfaces 
resemble the postglacial plains of North Germany, or central Ireland, or 
the southern parts of the United States, which within a thousand centuries 
may have been deserted by the sea. 

To the same cause is due the curious and transitory extension of half- 
lights over some portions of the interior of craters, while other neighbour- 
ing portions have the full light. The effect is occasionally to produce 
half-tints on particular portions of terraces within the crater, as in the 
ease of Theophilus, of which I present two drawings, one showing this 
peculiarity in the morning light, the other not. The central mountains of 
that great crater are high enough to throw long shadows; and these, as 
they catch upon other peaks or spread, softening with distance, over the 
surrounding plains, present far greater variety of shadow-tones than might 
be expected on a globe deficient, as the moon really appears to be, of 
both air and water. 

The different parts of the moon’s surface reflect light very unequally ; 
the dark parts have several degrees of darkness, the light parts several 
degrees of light. On the same level, as nearly as can be judged, under 
the same illumination, neighbouring parts are not only unequally reflective, 
but their light seems to be of different tints. Within the large area of 
Gassendi, under various angles of illumination, but more conspicuously 
when the angle of incidence deviates least from verticality, patches of the 
surface appear distinctly marked out by difference of tint, without shadow. 
It is well known that in this particular photography has disclosed curious 
and unexpected differences of the light, which were not apparent, or not so 
obyious, to the eye. Reflecting telescopes seem to be indicated as most 
suited for direct observation of differences of the kind of light on the moon. 

The surface of the moon is hardly anywhere really smooth, hardly any 
where so smooth as may be supposed to be now the bed of a broad sea on 
our globe. By watching carefully the curved penumbral boundary of light 


_ and shade—as it passes over ridge and hollow, rift and plain,—broad swells, 
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minute puckerings, and small monticules appear and disappear in almost 
every part. In several of the maria, minute angular cup-craters about half 
a mile across are frequent; and on several of the exterior slopes of the 
crater-rings are seen pits, ridges, fissures, and rude craters, something 
like the sloping surfaces of Etna. Copernicus is a good example of this 
common occurrence. It appears extremely desirable that the details of 
this magnificent mountain should be carefully reexamined on the basis 
of Secchi’s fine drawing, for the purpose, amongst others, of determining 
exactly how many of the bosses and ridges bear cup-hillocks; for many 
inequalities, which in feeble telescopes have but the indistinct character of 
being heaped up, appear distinctly crateriform with superior optical power *. 

On the very crest of a ring-mountain it is rare to find a cup-crater ; 
quite common to find them in the interior, especially towards the middle, 
and, in several cases, exactly central. But it happens often that the central 
mountain-mass of a large crater, such as Gassendi and Theophilus, is of a 
different structure. In the former a complicated digitated mass of elevated 
land appeared to me for along time to be entirely devoid of any small 
craters ;. by continued scrutiny at last I see on one of the masses a distinet 
depression. The area in Gassendi reminded me of the volcanic region of 
Auvergne, in which, with many crater-formed mountains, occur also the 
Puy de Dome, Puy Sarcoui, Puy Chopin, and others which are heaps of a 
peculiar trachyte not excavated at the top, while the others are formed of 
ashes and lava-streams and are all erateriform. The central masses of 
Theophilus (Nos. 7, 8, and 9) are very lofty and grandly fissured from the 
the middle outwards, with long excurrent buttresses on one side, and many 
rival peaks separating deep hollows, and catching the light on their small 
apparently not excavated tops. This is like the upheaved volcanic region 
of Mont d’Or, with its radiating valleys, wide in the central part; and con- 
tracted to gorges toward the outside of the district. 

The Vesuvian voleanic system, including the Phlegrzean fields, exhibits, 
in all respects but magnitude, remarkable analogy ib parts of the moon 
studded with craters of all magnitudes, as those adjoining Mount Mauroly- 
cus, engraved for comparison by Mr. Scrope in his admirable treatise on 
Volcanos (p. 232). It is probable that many of the differences which ap- 
pear on comparing lunar ring-mountains may be understood as the effects 
of long elapsed time, degrading some craters before others were set up, and 
turning regular cones and cavities into confused luminous mounds. It 
would much augment our confidence in the possible history of the moon 
which these differences seem to indicate, if we could believe it to have 
ever been under the influence of atmospheric vicissitude as well as changes 
of interior pressure. 

That the latter cause has been in great activity at some Mi: period 
of the moon’s history is not only evident, by the many sharply cut fis- 


* See ‘ Comparative Remarks on Gassendi and Copernicus,” Roy. Soc. Proc. for 1856, 
. , 
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sures which range like great faults in our earthly strata for five, ten’ 
twenty, and sixty miles, but is conspicuously proved by the great broken 
ridges of mountains which, under the names of Alps, Apennines, and 
Riphzean chains, make themselves known as axes of upward movement, 
while so many of the craters near them speak of local depression. I have 
not been able to discover in these great’ ridges any such marks of succes- 
sive stratification, or even such concatenation of the crests, as might sug- 
gest symmetrical and anticlinal axes. The surface is, indeed, asrough and 
irregularly broken as that of the Alps and Pyrenees, and marked by as ex- 


traordinary transverse rents, of which one, in the Alpine range near, 


Plato, is a well-known example. Must we suppose these mountains to 
have undergone the same vicissitudes as the mountain-chains of our globe 
—great vertical displacement, many violent fractures, thousands of ages of 
rain and rivers, snow and glacial grinding? If so, where are the channels 
of rivers, the long sweeps of the valleys, the deltas, the sandbanks, the 
strata caused by such enormous waste? If the broad grey tracts were 
once seas, as analogy may lead us to expect, and we look upon the dried 
beds, ought we not to expect some further mark of the former residence of 


water there than the long narrow undulations to which attention has already 


been called as resembling the escars of Ireland ? 

In any further attempts of my own to contribute facts toward the survey 
of the moon, now again taken in hand by the British Association, I shall 
probably select for careful work some particular features, such as the 
mountains in the midst of a large crater, the bosses and cup-like hills on 
the outward slopes of such a crater, the rents in mountain-ridges, and 
the low winding banks which appear on the broad grey tracts. But, 
for those who desire to perform a work of high value, I would earnestly 
recommend a strict reexamination of every element in the great picture 
of Copernicus, for which we are indebted to the Roman Astronomer. 


The paper was accompanied by twelve drawings, which were exhibited 
to the Society, and of which the following is a list :-— 


No. 1. Sketch of Gassendi taken in 1852, at Birr Castle, with the great 
telescope of Lord Rosse. 

No. 2. Sketch taken in 1852, at York, with an achromatic by Cooke, of 
2°4 inches aperture. 

No. 3. Sketch taken in 1853, at York, with an achromatie by Cooke, of 
6+ inches aperture. (Morning. ) 

No. 4. Sketch taken in 1862, at Oxford, with an achromatic by Cooke, 
of 6 inches aperture. (Evening.) 

No. 5. Working plan of Gassendi and scale. 

No, 6. Free-hand sketches to illustrate the mode of working for general 
effect. Oxford, 1864. 

No. 7. Theophilus, Cyvillus, aud Catharina, taken at Oxford in 18 
This is about the third attempt. 


a” 
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No. 8. Theophilus, reexamined in 1863. This is the most complete 
drawing which I can make with my 6-inch. I intended to repeat the 
whole group. 

No. 9. The central mountain-group of Theophilus on a large scale. 1863.. 

No. 10. Posidonius, early morning. 1863. (Unfinished.) 

No. 11. Posidonius, nearer to midday. 1863. (Unfinished.) 

No. 12. Aristarchus and Herodotus. This is about the sixth drawing, 
and exhibits in Aristarchus a double crater-wall, the inner one being sharp 
and interrupted; a deep narrow fissure separates the two walls. The 
interior surface is more moulded than in any drawings yet published. He- 
rodotus, the dark crater, is merely sketched to give the course of the 
seeming valley which conducts from it to the seeming delta. 


January 23, 1868. 
Dr. WILLIAM B. CARPENTER, Vice-President, in the Chair. 
The following communications were read :— 


I. ‘Contributions towards determining the Weight of the Brain in 
the different Races of Man.” By JosnpH Barnarp Davis, 
M.D. &c. Communicated by Prof. Joan Marsgauy. Received 


November 80, 1867. 
(Abstract. ) 


It would naturally be expected that great attention had been directed 
to the human brain, the organ of mental manifestation. Still little 
has been done to ascertain its relative magnitude in the different races of 
mankind. Opportunities for examining exotic brains are rare, and it is only 
by gauging the internal capacities of human skulls, and deducing the 
weight of the brain, that data can be obtained. 

The inferiority of this method is not so clear as has been assumed, since 
we are able to fix upon an unchangeable substance of definite specific 
gravity for the purpose of this gauging, whereby we compensate for the 
variable condition of the brain, depending upon disease and other causes, 
and the immediate occasion of death. 

The great difficulty hitherto has been to decide upon a definite allowance, 
or scale of allowance for other matters besides brain which always fill up 
the cavity of the skull, in different proportions at different ages, &c. In 
the present investigations it has been considered most advisable to fix upon 
a definite, and at the same time proportionate, rule for compensating for 
these fluids and membranes. And, after much inquiry, that rule has been 
laid down as a general tare of 15 per cent. on the capacity af the skull. 

In former inquiries of this kind by Prof. Tiedemann and Prof. Morton, 
this allowance has been entirely or almost entirely overlooked, by which 
means their extended observations really refer to the internal capacities of 
human skulls, and not to the weights of the brain, as they supposed. No 
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doubt internal capacities themselves become a legitimate means of com- 
parison. 

Synostotic and artificially deformed skulls are mostly included, for the 
reason specified, that their internal capacities are usually not materially 
interfered with. 

Morton also failed to distinguish the sexes, and his Tables give no 
indication how many of the skulls were those of men and how many those 
of women. When we recollect the great normal diversity in the size of the 
brain in the two sexes in any given race, this omission becomes of serious 
importance. In the series of skulls now examined, this diversity in the 
weight of the brain in the two sexes extends from less than 10 per cent. to 
something more than 123 per cent.; so that Prof. Welcker’s datum of 10 
per cent. is tolerably correct. In our measurements the sexes are marked, 
and adult examples only included. All the crania have been carefully 
and as uniformly as possible filled with dry Calais sand of a definite specific 
weight, which has been afterwards weighed and then reduced to its equiva- 
lent in cerebral matter of 1940 specific gravity, after the deduction of 
the 15 per cent. The observations on the weight of the brain in all the 
races have been arranged in seven Tables, corresponding very nearly to the 
races of the great divisions of the globe. The results show that Prof. 
Tiedemann was misled when he hastily assumed that, inasmuch as a 
certain size and mass of brain was an essential condition for the exercise of 
- the faculties of the mind, all human races are furnished therewith in an 
equal degree. 

One important object has always been kept in view—namely, a careful 
comparison of the calculated observations of the Tables with the actual de- 
terminations of those who have weighed the brains of different races, as far 
as such determinations have extended. This has been done with the view 
of comparing and correcting our results. 

It would be difficult to give any intelligible abstract of the Tables which 
accompany the memoir. Of the notes to these Tables some short account 
may be given here. 

Dr. Peacock and other excellent and careful observers pretty nearly coin- 
cide in the conclusion that the brain of Englishmen, on the average, is about 
49 oz. av. in weight, or 1389 grammes. Dr. Robert Boyd, in his memoir in 
the Philosophical Transactions, states as the result of his vast experience, that 
the adult male brain among the insane varied from 48°17 oz. to 43°87 oz. ; 
among the insane women from 44°55 oz. to 40°55 oz.; whilst in the sane 
adults the averages varied in the men from 48°20 oz. to 45°34 oz., and 
among the women from 43°70 oz. to 39°77 oz. It thus appears that Dr. 
Boyd’s investigations bring out an average brain-weight among the 
English of, speaking roundly, about 5 oz. less than Dr. Peacock’s means, 
and rather more than 3 oz. less than our means. Dr. Thurnam, who ex- 
amined and weighed the brains of 257 insane men and 213 insane women, 
agrees in his results with Dr. Boyd, being still rather below the averages 
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obtained by the latter. The general result of our Table is an average 
brain-weight for the English of 47°50 oz., or 1346 grms., which agrees 
tolerably well with the paueliaion deduced by all these observers, bee a 
mean term. 

The mean derived from the 16 French skulls is 45°47 oz., or 1280 grms.— 
that is, 66 grms. less than the English. The general result of an extended 
series of measurements by Prof. Broca of 357 French crania, those of men 
and women undistinguished, when subjected to our rule, gives a mean of 
44:58 oz., or 1263 grms.—that is, 17 grms. below our deduced average. 

The skulls of Italians, of Lapps, and of Swedes agree in giving a brain- 
weight closely coinciding with that of the English. Those of the Frisians 
- and Dutch come into the same category. | 

In the 15 German skulls (it should be observed that 13 are é those of men) 
the average brain- weight exceeds that of the English. It is 50°28 oz., or 
1425 grms., an excessive weight. This probably follows from the unusual 
size of these German skulls, as well as in some degree from the great pre- 
dominance of men’s skulls; for Prof. Huschke, who weighed upwards of 
60 brains of Germans, ave thirds being those of men, found the mean 
weight to be no more than 1384grms. Prof. Rudolph Wagner also tested 
by the balance 31 brains of Germans, the larger half being those of men, 
and obtained a mean of only 1300 grms., itself a sufficiently large weight. 
In the investigations of Prof. Welcker, who employed 30 adult normal 
skulls of men and 30 of women, the mean brain-weight of the series rises 
only to 42°83 oz., or 1214 grms. This seems to be conclusive that our 
specimens are large skulls, and that the size of the German brain has been 
somewhat overrated. ‘The result of further investigation will probably be 
to correct these discrepancies. 

In entering upon the decidedly brachycephalic races of Europe, it must 
be noted that we have for our examination the skulls of men only, and those 
in small numbers, which will prevent any accurate comparison with the 
rest of the series. ‘The mean brain-weight of two male Poles is 47:14 oz., 
or 1336 grms. ‘That deduced from Dr. A. Weisbach’s gauging of 25 skulls 
of young Pollak men, when subjected to our rule, is 47°21 0z., or 1338 grms., 
a result almost identical with that from our observations. 

The Gipsies of Wallachia present a marked diminution of brain-weight 
when compared with the Rumangos and other races of that region. The 
mean of 6 male Rumango skulls is 45°97 oz., or 1303 grms.; that of two 
male Gipsies is 43°93 0z., or 1245 grms. 

Although it has reference merely to the collection of skulls upon which 
these observations have been made, the order in which the different Euro- 
pean races range themselves, beginning with the heaviest brain-weights and 
proceeding to the lightest, is given in the memoir. The general mean of 
the European series is 46°87 oz., or 1328 grms. 

In entering upon the Asiatic RAcus, we are at once struck with the 
small brain-weights of the people at the commencement of the Table, the 
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Vedahs of Ceylon and the Hindoos: The mean obtained from 35 crania 
of males of Hindoo Tribes is 44°22 oz., or 1253 grms. ; that from those of 
31 females 39°99 oz., or 1133 grms.,—which yields a mean of the two sexes 
of 42°11 oz., or 1193 grms. A reference to Dr. Morton’s observations 
shows that his series, when properly calculated by our rule, give a still 
lower mean, viz. 41°74 0z., or 1183 grms. 

The skulls of Mussulmen afford a slightly increased average of brain- 
weight over those of Hindoos. This perhaps might have been anticipated. 

The two skulls of male Khonds, one of the unquestioned aboriginal 
races of India, show a brain-weight of 37°87 0z., or 1073 grms. 

As we ascend the Himalayan Slope we reach races who have a somewhat 
increased volume of brain. The Lepchas, Bodos, and Bhotias range about 
46 02. 

And when we reach what have been called the Indo-Chinese races, the 
brain-weight becomes again more considerable. The mean of the Szamese 
is 47°14 oz., or 1336 grms., that of the Chinese 47:00 oz., or 1332 grms., 
and that of the Burmese 47°87 oz., or 1357 grms. 

Of the races of Japan only two crania of true Japanese have been ob- 
tained; but of the aboriginal Ainos, of the Island of Yesso, the brain- 
weight, as deduced from four skulls, is 45°83 oz., or 1299 grms. 

‘The general average cf the Asiatic Table shows a diminution, when com- 
pared with that of the Muropean. ‘The numbers are, for the latter, 46°87 
oz., or 1328 grins., and for the former, 44°62 oz., or 1266 erms., which isa 
diminution of more than two ounces, or 62 grms. 

At the commencement of the ArricaN Races we encounter the Berbers 
and the Guanches, the former inhabitants of Teneriffe. These are people 
with rather small brains. The general mean amounts to 43°49 oz., or 
1233 grms. 

Of the Continental people, the Negroes of Tribes unknown give a slightly 
increased brain-weight of 44:08 0z., or 1249 germs. The Dahomans rise to 
a mean of 46°34 0z., or 1313 grms., and the Bakeles, a warlike tribe on 
the Equator, to an equally high brain-weight. A brain of an adult Negro, 
weighed by Dr. Peacock, was found to weigh 45°50 oz., or 1289 grms. 
Another, examined by Dr. Edmond Simon, was found to weigh, with the 
membranes, 1226 grms. 

In passing to the more Southern portions of the African continent we 
find the races much contrasted in respect of their brain-weights. The 
Katir skulls, seven-eighths of which are those of men, present a mean of 
48°16 0z., or 1365 grms., whilst that of the small Bushmans reaches only 
to 39°70 oz., or 1125 grms. 

in Prof. Marshall’s valuable and elaborate account of the Brain of a 
Bushwoman in the Philosophical Transactions, there is a careful calcu- 
lation of the original weight of the brain, which, by means of experiment 
upon human brains subjected to the action of spirits of wine, he was able 
to restore to its original weight ; and he decided this to have been 30°75 02., 
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or 875 grms. Prof. Marshall afterwards gauged the capacity of the skull 
by filling it with water, which he has given. He found it to be 60°64 
cubic inches. With this capacity given, it is easy to determine that the 
weight of the brain would have been 31°01 oz. according to ourrule. Prof. 
-Marshall’s calculation very closely approximates to this, viz. 30°75 oz., or 
only a quarter of an ounce different. This case, in which the brain-weight 
was restored and the skull was also gauged, seems to be a good instance 
for testing the accuracy of our method; and the result appears to prove 
that it may be relied upon with much confidence. 

The general mean of our African Races is less than that of European 
Races,—a result which is not in agreement with Tiedemann’s conclusions. 
It is rather more than two and a half ounces less than our European mean. 

In passing to the AmERiIcAN Races we have placed first the Lsquimaue 
of the whole Arctic Circle. They present the large general mean brain- 
weight of 46°56 oz., or 1319 grms. 

A series of mostly individual skulls belonging to different American Tribes 
affords a general mean of 46°23 oz., or 1310 grms. With these may be 
compared the 164 skulls of the “‘ Barbarous Tribes”’ of Morton’s American 
Family. ‘When the mean cubic contents of these are reduced to our terms, 
with the observance of our rule, they produce a brain-weight of 42°84 oz., or 
1214 grms., which is less than our mean by something more than three ozs. 

When we arrive at the Caribs, former inhabitants of the Antilles, there 
is a considerable falling off ; they descend to 42°32 oz., or 1199 grms. 

Among South American Tribes, the Amizcas, or ancient inhabitants of 
the plain of Bogota, afford a mean brain-weight of 44°20 oz., or 1253 grms. 
This is about the average until we reach the warlike Araucanians. Of 
these, six skulls, five of which are those of men, and one of them also a mega- 
locephalic skull, ascend to a mean brain-weight of 48°02 oz., or 1361 grms. 

The average of the whole of the American races reaches 44°73 oz., or 
1268 grms., which is 2°14 oz., or 60 grms. less than that of the European 
races. It also comes so near to the general mean of the Asiatic and 
African races as to produce the impression that the whole must be regarded 
as pretty nearly equal. 

The AustraLIAN Races belong to two families—the Australians 
proper, and the Tasmanians ; and they are remarkable among human races 
as possessing the smallest brains. The mean brain-weight among the 
former is 41°38 oz., or 1173 grms., and among the more robust Tasmanians 
42°25 oz., or 1197 grms. The mean of the two families when combined 
reaches to 41°81 oz., or 1185 grms. ‘Thisis a brain-weight one-ninth less 
than that of the general average of Europeans. 

The last great section into which we have divided human races is that of 
Oceanic Races. It includes the abonginal inhabitants of all the Islands, 
both of the North and the South Pacific Oceans. When we arrive at this 
section we seem as if we were returning in some measure to the large 
brain-weights of Europeans. 
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The eight skulls of Malays (six of men and two of women) afford the 
highest mean of any of the Oceanic Races, viz. 47°07 0z., or 1334 grms. 
For such a bold and enterprising race, who have pushed their migrations, 
chiefly for commercial purposes, over almost the whole Ocean, such a rich 
cerebral endowment might have been in some measure expected. 

The collection which has afforded the materials for this Memoir is rich 
in ecrania from the Dutch dominions in the East-Indian Archipelago. 
These are distinguished for a tolerably high average of brain-weight.. And 
this is not much diminished when we reach the aboriginal inhabitants of 
the Polynesian Islands and Western Pacific. 

In conclusion, it is believed that this investigation has contributed much 
more than any former one to define and to discriminate the brain- weights 
of different human races. Hence it is hoped that it will be accepted as a 
valid contribution to a most important subject. 


II. “Description of a Hand Spectrum-Telescope.” By Witiiam 
Hueeins, F.R.S. Received December 19, 1867. 


The instrument described in this paper was contrived in the summer of 
1866, for the purpose of observing the spectra of meteors and their trains. 
The special suitability of this apparatus, as @ hand-spectroscope, for the 
examination of the spectra of the lights which may be seen about the sun 
during the total solar eclipse of next year, induces me to offer a descrip- 
tion of it to the Royal Society. 

The apparatus consists essentially of a direct-vision prism placed in 
front of a small achromatic telescope. 


The achromatic object-glass marked @ is 1°2 inch in diameter, and 
has a focal length of about 10 inches. The eyepiece (4) consists of 
two plano-convex lenses. As a large field of view is of great importance, 
especially for its use as a meteor-spectroscope, the field-lens is made of 
nearly the same diameter as the object-glass. The imperfect definition at 
the margin of the field is not of much practical importance, as the spectra 
can be brought for examination into the centre of the field. The field- 
lens is fixed in a sliding tube, which permits the distance between the two 
lenses of the eyepiece to be altered; in this way the magnifying-power of 
the instrument may be varied within certain limits at pleasure. Be- 
fore the object-glass is fixed a direct-vision prism (c¢), consisting of one 
prism of dense flint glass, and two prisms of crown glass. 

The field of view of my apparatus embraces an area of sky of about 7° 
in diameter. The spectrum of a bright star has an apparent length of 
nearly 3°, The spectrum of the Great Nebula in Orion appears as two 
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bright lines, one of them broad, crossed by a famt contmuous spectrum. 
The magnifying-power of the telescope is insufficient to show the three di- 
stinct lines of which the spectrum of the nebula consists. The conti- 

nuous spectrum is due to the stars of the trapezium, and the other 
- fainter stars scattered over the nebula. | | 

For the purpose of testing the efficiency of this instrument as a meteor- 
spectroscope, I observed the spectra of fireworks seen from a distance of about 
three miles. The bright lines of the metals contained in the fireworks 
were seen with great distinctness. I was able to recognize sodium, mag- 
nesium, strontium, copper, and some other metals. 

Tete werd I was prevented from making the use of the instrument 
which I had intended at the display of meteors in November 1866. 
I have, however, great confidence in the suitability of the apparatus for 
the prismatic observation of meteors and their trains. 

As the instrument is not provided with a slit, it 1s applicable only to 
bright objects of small size, or to objects so distant as to subtend but a 
very small angle. It is obvious that if the object has a diameter smaller 
in one direction than in any other, as would usually be the case with the 
trains of meteors, the instrument should be rotated to take advantage of 
the form of the object. The most favourable position will be when the 
smallest diameter of the object is perpendicular to the height of the 
prisms. In this way I have seen the lines of Fraunhofer in the spectrum 
of the moon when a very narrow crescent. 

In the case of objects which appear as points, a small breadth may be 
given to the spectrum by a cylindrical lens fitted in a little cap which slips 
over the eye-lens, and is placed next to the eye. 

As some of the advantages which this instrument possesses over an or- 
dinary spectroscope, or over a prism held before the eye, may be stated 
the comparatively large amount of light which the object-glass collects, 
the great facility for instantly pointing the instrument to the object de- 
sired, which the large field of view affords, and in some cases the magni- 
fying-power of the instrument. 

It may perhaps be mentioned that secret signals might be conveyed 
at night by means of the temporary introduction of certain suitable sub- 
stances, as preparations of lithium, copper, strontium, &c., into the flame 
of a lamp giving a continuous spectrum; the presence of the bright lines 
due to these substances would not be perceived except by an observer 
provided with a spectrum-telescope, to whom they might convey infor- 
mation in accordance with a previous arrangement. 

This little instrument, held in the hand and directed to the place of the 
sun during its eclipse in 1868, might enable an observer, who was not 
provided with larger apparatus, to give an answer to the important ques- 
tion whether the bright prominences are self-Juminous or reflect solar 
light. At least it would be possible for him to determine the general 
character of the spectrum of a bright prominence so far as to learn whether 
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it is continuous or consists of bright lines. On account of the low mag- 
nifying-power of the instrument, the red prominence would appear a 
ciently small to permit of bright lines being distinguished on its spectrum, 
if such should exist. 

The instrument should be previously focused by the observer on the 
moon, or some distant object. 

Should a portion of the sun’s limb be visible, the instrument must bé 
rotated until the spectrum of the little projecting prominence appears in a 
direction parallel to that of the spectrum of the sun’s limb, and is not 
overlapped by it. Perhaps a diaphragm across the field of view and cut- 
ting off about one-third of it would be an advantage, as the spectrum of 
the sun’s limb might be concealed behind it. The eye, relieved in this 
way from the bright solar spectrum, would be in a more favourable state 
to examine the fainter spectrum of the red prominence. 

Four of these instruments, made by Mr. Browning, have been sent out 
by the Royal Society to India, to be placed in the hands of observers 
stationed at different places along the central line of the eclipse. This in- 
strument would be specially suitable for use at sea. 


Postscript.— Myr. Browning has recently suggested a method of diminish- 
ing the apparent velocity of meteors by the use of a concave cylindrical 
lens placed with its axis perpendicular to the direction of their motion. 
This mode of observing may be applied to the spectrum-telescope by sub- 
stituting, when required, a plano-convex cylindrical lens for the eye-lens of 
the eyepiece. If this lens be placed with its axis parallel to the height of 
the compound prism before the object-glass, and if the telescope be held 
in a position such that the direction in which the light of the meteor is 
dispersed is perpendicular to that of its motion, the spectrum of the 
meteor will be magnified, as when the ordinary eye-lens is employed, but 
the apparent velocity of the meteor will be less by an amount equal to the 
magnifying-power of the eye-lens. 


January 30, 1868. 
Tieut.-General SABINE, President, in the Chair. 


The following communications were read :-— 


I. “Remarks upon Archeopterye hthographica.” By Prof. T. H. 
Huxtury, LL.D., F.R.S. Received January 1, 1868. 


The unique specimen of Archeopteryx lithographica (von Meyer) which 
at present adorns the collection of fossils in the British Museum, is un- 
doubtedly one of the most interesting relics of the extinct fauna of long- 
past ages; and the correct interpretation of the fossil is of proportional 
importance. Hence J do not hesitate to trouble the Royal Society with 


244 Prof. Huxley on Archzopteryx lithographica. [Jan. 30, 


the following remarks, which are, in part, intended to rectify certain errors 
which appear to me to be contained in the description of the fossil in the 
Philosophical Transactions for 1863 *. 

It is obviously impossible to compare the bones of one animal satisfacto- 
rily with those of another, unless it is clearly settled that such is the dorsal 
and such the ventral aspect of a vertebra, and that such a bone of the limb- 
arches, or limbs, belongs to the left, and such another to the right side. 

Identical animals may seem to be quite different, if the bones of the 
same limbs are compared under the impression that they kelong to oppo- 
site sides ; and very different bones may appear to be similar, if those of op- 
posite sides are placed in juxtaposition. 

The following citations, and the remarks with which I accompany them, 
however, will show that these indispensable conditions of comparison have 
not been complied with in the memoir to which I refer. 

1. ‘* The moiety (Plate I.) containing the greater number of the petrified 
bones exhibits such proportion of the skeleton from the inferior or ventral 
aspect’ (J. c. p. 34). 

I propose to show, on the contrary, that the fossilized animal presents, 
in general, its dorsal aspect to the eye, though one of the most conspicuous 
bones may have been so twisted round as to exhibit its ventral face. 

2. The demonstration that the bones of the Archeopteryx are thus 
wrongly interpreted, may be best commenced by showing that what is 
called ‘‘ right femur (65), tibia (66), and bones of the foot (68, 2, 22, 222, v),”” 
l.c. p. 35, are respectively the left femur, left tibia, and bones of the 
left foot. 

That such is the case is very easily proved by the circumstance that (as 
is very properly pointed out in the memoir) the second toe of the foot in 
question is that which lies uppermost, while the plantar surface of the 
foot is turned outwards, and its dorsal aspect towards the vertebral column. 

If the limb in question were, as the describer of the fossil supposes, the 
right leg, it would obviously be impossible to place the foot in its present 
position, unless the numbers of the phalanges in its toes were the reverse of 
what is observed in Birds; that is to say, the uppermost toe, that which 
has three phalanges, must also be the outermost. Nevertheless the de- 
scriber of the fossil justly lays great stress upon the fact that the toes have 
the same number of phalanges as in birds. As a matter of fact, this is 
quite true; but it would not be true if we were to assume with him that 
the limb in question is the right leg. 

3. Certain parts of the fossil which lie upon the opposite side of the 
spine to the so-called “right leg’ are named, at p. 34 of the memoir 
cited, “ Portion of the left os innominatum, showing part of the ilium (62) 
and ischium (63), with the acetabulum (a@).” . 

* “On the Archaeopteryx of Von Meyer, with a description of the Fossil Remains of a 
Long-tailed Species, from the lithographic stone of Solenhofen.” By Professor Owen, 
F.R.S. &c. 
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A full description of this mass of bone as “‘ the left os innominatum, in- 
eluding the anterior two-thirds of the ilium, and the anterior half, or more, 
of the coalesced ischium,” is given at p. 39; and at p. 40 I find, “The 
inferior or central * face [of the sacrum], as in the case of the slightly dis- 
located left innominatum, is towards the observer.” 

There is no doubt on any side, that the end of the bone in question which 
at present is directed forwards is its true anterior end, and that the edge 
which is turned towards the spinal column is the true dorsal edge. The 
question is, whether the face of the bone which is exposed is its outer (or 
dorsal) or its inner (or ventral) face. In the former case it must needs be 
a right ilium, in the latter a left ilium. 

That it is the outer face of the bone which lies uppermost appears to me 
to be demonstrated— 

(a) By the fact that the iliac margin of the acetabulum is prominent, 
and that the adjacent surface of this ilium rises to this margin. I am not 
aware that any vertebrate animal exists in which the acetabulum lies at 
the bottom of a funnel-shaped depression, such as would be the case in 
Archeopteryx if the bone in dispute were the left os innominatum seen 
from the inner side. 

(6) By the fact that a small portion of what appears to be an innominate 
bone can be descried in close relation with the proximal end of what has 
just been shown to be the left femur; while the right femur (called 
left in the memoir), though dislocated, is not very far from the bone under 
discussion. 

(c) By the further consideration, that if this were not the right os in- 
nominatum, it would be as curiously unlike the corresponding bone of a 
bird in the form of its surface as it resembles it in all other respects. 

4. The bone marked 51! is named “left scapula” (J. c. p. 34), and 
that marked 51 ‘right scapula’’ (2. c. p. 35); and a full description of 
these bones, as such, is given at pp. 36 and 37 of the memoir cited. 

Nevertheless I venture to affirm that 51! is the right scapula and not the 
left ; for it will not be denied that the anterior or glenoidal end of the bone, 
as it now lies, is directed forwards, its posterior or vertebral end backwards, 
and its glenoidal articular surface outwards and forwards : it would be quite 
impossible to put a left scapula of similar construction into this position. 

Further, the glenoidal end of this scapula remains in connexion with 
what is obviously the glenoidal (or humeral) end of the right coracoid 
(marked cin Plate I.). The author of the memoir, indeed, gives a different 
interpretation of the osseous projection thus marked (J. c. p. 37) :— 

““The prominence beyond the left scapula (Plate I. 51') suggested at 
first view the humeral end of the coracoid, but J believe it to be part of the 
humerus corresponding with the tuberosity on the ulnar side of the sessile 
semioval head, overarching the pneumatic foramen in the bird.” 


* “Central” in the original. The word appears to have been substituted by an 
- error of the press for “ ventral.” 
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And this view is pictorially embodied in the restoration of the humerus 
of Archeopteryx given in Plate II. fig. 1. 

But a most distinct line of matrix separates the humerus from the promi- 
nence in question, in which may be seen, with great clearness, the glenoidal 
facet of the coracoid, as well as the excavation of the exterior surface of the 
bone which is characteristic of the glenoidal, or humeral, end of the cora- 
coid in birds and pterodactyles. 

I think, then, there can be no question that the parts marked 51! and 
c in Plate I. of the memoir cited are the right scapula and the glenoidal 
end of the right coracoid, and not, as the author affirms, the left scapula 
and a tuberosity of the humerus. 

5. Even apart from the fact that the humerus marked 53! lies in almost 
undisturbed relation with the right pectoral arch, it is obviously a right 
humerus. On no other supposition can the relative position of the deltoid 
ridge and of the various contours of the bone be accounted for. Never- 
theless thisis called ‘‘ proximal half of left humerus (53'), entire, and part 
of the distal half”’ at p. 34 of the memoir cited. 

It is probably needless to pursue this part of the inquiry any further. As 
the so-called right leg turns out to be the left, the so-called left os inno- 
minatum the right, and the so-called left scapula and wing-bones to be 
those of the opposite side of the body, the necessity of a corresponding 
rectification for the other limb-bones needs no evidence. 

6. As both the hind limbs and one-half of the pelvis have just such po- 
sitions as they would readily assume if the hinder part of the animal’s 
body lay upon its ventral face, it is highly improbable (to say the least) 
that the caudal and posterior trunk-vertebrze should have turned round so 
as to present their ventral aspect to the eye, as they do according to the 
memoir (J. c. p. 44). _ 

But I apprehend that evidence can be found in the vertebree themselves 
sufficient to prove that their dorsal and not their ventral faces are turned 
towards the eye. In several of the best-preserved of these vertebree, in fact, 
(and Plate I. imperfectly shows this,) the remains of two small articular 
poocesses are distinctly visible at each end of the vertebra. The superior 
surface of each articular process is raised into a low longitudinal ridge; and 
the posterior pair of processes lie at the sides of a narrow, parallel-sided 
plate of bone, which projects beyond the posterior edge of the vertebra, 
and is received between the anterior articular processes of the vertebra which 
succeeds it. A low linear longitudinal elevation occupies the place of 
spinous process. 

If my interpretation of these appearances is correct, it is clear that the 
caudal vertebrze (as was to be expected) turn their dorsal faces to the eye. 

7. One important and extremely conspicuous bone, the furculum (if it 
be such), undoubtedly turns its ventral surface to the eye; and I cannot 
but suspect that it is the bouleversement of this bone which has led to that 
reversal of the proper nomenclature of the other bones which, could it be 
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sustained, would leave Archeopteryx without a parallel in the vertebrate 
subkingdom. 


When the specimen of Archeopteryx is once put into its right position, 
many points of its structure acquire an intelligibility which they lose to 
those who accept the interpretations given in the memoir. The so-called 
right foot, for example, which, as a right foot, is like nothing in nature, 
becomes strikingly ornithic as.a left foot, from the backward direction of 
the hallux and the apparent anchylosis of the metatarsal bones. The distal 
ends of the second and third metatarsals appear to me, however, to be sepa- 
rated for a much greater distance, proportionately to the length of the me- 
tatarsus, than in any existing birds, except the Penguins. 

The femur is more slender and more curved in proportion to its length 
than in any recent bird with which I am acquainted. The representation 
of the bone in fig. 1 of Plate III. is inaccurate, as may be seen by com- 
paring it with that given in Plate I. 

The small size of the cnemial crest of the tibia is also very remarkable. 

The right innominate bone is imperfectly represented in Plate I. of the 
memoir cited. Its anterior end is not, as it there appears to be, abruptly trun- 
cated: there is an elevation in the region which would be occupied by the 
prominence against which the base of the great trochanter works, and which 
is so characteristic of birds. The greater part of the ischium is not re- 
presented; and the sacrosciatic space certainly has not the form which it 
is represented to have. The references o to the “ obturator foramen,” and 
63, to the “ischium”’ (J. c. p. 40), are unintelligible to me. 

The ischium can be traced back for ? of an inch from the acetabulum ; 
and so much of it as is preserved remains narrow throughout this extent, 
and is convex upwards, but concave downwards or towards the matrix. 

The ventral edge of the ischium appears to be entire throughout this 
extent ; but the posterior moiety of its dorsal edge is somewhat rough and 
angular. Itis therefore very probable that the ischium expanded behind 
the sacrosciatic notch and united with the ilium, asit very generally does in 
carinate birds. It is very desirable that this part of the skeleton of 
Archeopteryx should be figured again. 

The scapula has a distinct clavicular process, as in carinate birds; and 
it seems to be pretty clear that the scapula had that twofold angulation 
upon the coracoid which is characteristic of the Carinate. 

The glenoidal end of the coracoid is unlike the corresponding part of that 
bone in any of the Ratite ; but it is more like that of a Pterodactyle than 
that of any carinate bird which I have met with. It is less prominent (and 
the counterpart shows that this shortness is not the result of fracture) than 
in any recent bird, provided with a strong furculum, with which I am 
acquainted. In fact, in its form, and strength relatively to the shoulder- 
girdle, the so-called “‘ furculum ”’ appears to me to be the greatest osteo- 
logical difficulty presented by Archaeopteryx. I prefer waiting for the 
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hight which will be afforded by another specimen to the indulgence of any 
speculation regarding this bone ; in the meanwhile, I by no means wish to 
deny that appearances are strongly in favour of the interpretation which 
_ has been put upon it. 

In conclusion, I may remark that I am unaware of the existence of any 
“law of correlation” which will enable us to infer that the mouth of this 
animal was devoid of lips, and was a toothless beak. The soft tortoises 
(Trionyx) have fleshy lips as well as horny beaks; the Chelonia in 
general have horny beaks, though they possess no feathers to preen ; and 
Rhamphorhynchus combined both beak and teeth, though it was equally 
devoid of feathers. If, when the head of Archeopteryz is discovered, its 
Jaws contain teeth, it will not the more, to my mind, cease to bea bird, than 
turtles cease to be reptiles because they have beaks. 

All birds have a tarso-metatarsus, a pelvis, and feathers, such, in principle, 
as those possessed by Archeopteryr. No known reptile, recent or fossil, 
combines these three characters, or presents feathers, or possesses a com- 
pletely ornithic tarsometatarsus, or pelvis. Compsognathus comes nearest im 
the tarsal region, Megalosaurus and Iguanodon in the pelvis. But, so far 
as the specimen enables me to judge, I am disposed to think that, in many 
respects, Archeopteryx is more remote from the boundary-line between 
birds and reptiles than some living Ratite are. 


II. “ Account of Experiments on Torsion and Flexure for the Determi- 
nation of Rigidities.” By Joszru D. Everett, D.C.L., Professor 
of Natural Philosophy in Queen’s College, Belfast. Communicated 
by Sir Witt1am Tuomson. Received January 18, 1868. 


(Abstract.) 


This paper describes a continuation of experiments related in two 
former papers, read February 22, 1866, and February 7, 1867,—the sub- 
stances operated on in the new series being wrought iron, cast iron, and 
copper, and the mode of procedure being the same as in the latter of the 
two preceding series. The results obtained, along with those published in 
the former papers, are given below, the figures I., II., III. indicating the 
paper in which the results are deduced. The values of M, n, and & are in 
millions of grammes weight per square centimetre. 


M, Nn, k, 6, 

Young’s Ricidj Resistance to| Poisson’s | Specific 

modulus. ey compression.| ratio. gravity. 

Glass, flint, [. ...... 61435 244-2 423-0 "258 2-942 
Do. ee 585:1 239°0 303'3 "229 2°935 
Brass, drawn, IT....| 1094:8 372°9° | 5701 (?) "469 8-471 
Steel, cast, IT....... 2179°3 - 834-1. 1875°6 ‘310 7849 
Tron, wrought, III.} 1999-4 7838 1484-1 ‘275 (ory 
Tron, cast, IIT....... 13741 542°3 982:2 267 7-235 
Copper, drawn,III.| 12558 455°6 1716-4 378 8843 
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February 6, 1868. 
Lieut.-General SABINE, President, in the Chair. 


The following communication was read :-— 


*“* Comparison of Magnetic Disturbances recorded by the Self-register- 
ing Magnetometers at the Royal Observatory, Greenwich, with 
Magnetic Disturbances deduced from the corresponding Terres- 
trial Galvanic Currents recorded by the Self-registering Galva- 
nometers of the Royal Observatory.” By Grorce BippELL 
Airy, Astronomer Royal. Received December 20, 1867. 


(Abstract. ) 


The author, after adverting to the origin of this branch of science, as 
commencing (with himself) in communications with Messrs. Kdwin and 
Latimer Clark, but more particularly with Mr. Charles V. Walker, and 
alluding to the important labours of Mr. W. H. Barlow, Mr. Walker, and 
Dr. Lamont, proceeds to give the official history of the establishment of 
the wires and other apparatus necessary for its prosecution at the Royal 
Observatory. In 1860 and 1861, the author submitted to the Board of 
Visitors of the Royal Observatory proposals for extending wires from the 
Royal Observatory in two directions nearly at right angles,—on the second 
occasion, specifying Croydon and Dartford as terminal points. The Board 
in 1861 recommended this to the Admiralty, who immediately gave 
their sanction. The author then applied to the Directors of the South- 
Eastern Railway for permission to place his wires on their poles, which 
was granted, at a merely nominal rent. All the wires and labour in 
mounting them were provided by the Railway Company at cost price, and 
the insulators were furnished by Messrs. Silver without profit. The wires 
communicate with the earth at both ends of each by solder-attachment to 
water-pipes. 

The author then describes the apparatus made by Mr. Simms for the 
record of the currents. For each wire the current acts on a galvanometer 
whose needle-carrier also supports a small plane mirror; and, by proper 
adjustment of cylindrical lenses, neat spots of light are formed upon a 
rotating ebonite cylinder, covered with photographic paper and made to 
revolve (by clockwork) in twenty-four hours. With angular motion of 
the galvanometer, the spot of light moves. The zero of measure is 
obtained by interrupting the wire-cireuit. The zero of time is obtained by 
interrupting the light and observing the corresponding clock-time. Other 
adjustments have received great attention. 

Many delays occurred in the establishment of the apparatus, and finally 
from the discovery that the earth-currents were very much stronger than 
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had been anticipated. From 1865, April 18, it has been continuously in 
use, in the same form as at present. 

The author then gives the theory, algebraical and numerical, for infer- 
_ring, from the magnitude of the galvanic currents observed in two known 
directions, the magnitude of the galvanic currents in the north and west 
directions. And, proceeding from these by the known law, that when a 
current from the graphite or copper pole of a battery passes under a 
needle, it forces the austral clement to the right (as referred to the current- 
course), he infers the magnitude of the magnetic force in the north and 
west directions. 

The numerical expression contains four unequal constant factors, by 
which the photographic ordinates must be multiplied. The author 
explains that, for his own preliminary examination, he used four pro- 
portional compasses, constructed expressly for this purpose by Mr. Simms, 
and thus formed the ordinates of the new Magnetic-Force Curves with- 
out any use of numbers whatever. But for the more detailed work to 
be done by young assistants, he judged it better to measure the ordinates 
by scales with graduations of different value, and to add the results, thus 
forming numerical values. of the magnetic ordinates. 

The resulting scale being arbitrary, it was so adapted that the largest 
ordinates were not very different from the largest ordinates of the curves 
given by the Horizoutal-Force Magnetometer. The curves given by the 
Declination Magnetometer were adapted to the scale of the Horizontal- 
Force Magnetometer. 

In the large diagrams exhibited to the Society, the curves representing 
the North Force as shown by the Horizontal-Force Magnetometer, and the 
North Force as inferred from the Galvanometers, are brought into juxta- 
position, and the curves representing the West Force as shown by the De- 
clination Magnetometer, and as inferred from the Galvanometers, are 
brought into juxtaposition, for seventeen days in 1865, 1866, and 1867. 
And the general agreement between the curves of the two classes, espe- 
cially for the North Force, is so remarkable that the author expresses his 
undoubting belief that the irregularities of magnetic force are caused by 
the galvanic currents. At the same time he indicates some discordances 
which require further examination. One of these is, that the disturbance 
inferred from the galvanic currents usually (but not always) precedes that 
recorded by the magnetometers. Another is, that the North Force ap- 
pears, from the galvanic currents, to be increased (whereas, in magnetic 
storms, it is usually found to be diminished). ‘There are other points of 
smaller importance. 

The author suggests as soeutble that these discordances may arise from 
the circumstance that the Observatory is at the end ef each of the wires ; 
and therefore the galvanic current which is recorded, being that which 
covers a space whose centre is several miles from the Observatory, may not 
correspond to the magnetic forees which are observed at the Observatory, 
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And he submits for consideration whether it may not be desirable to try 
two shorter wires, the two ends of each wire making connexion with the 
earth on opposite sides of the Observatory, and the register of each being 
made, at the Observatory, near the middle of its length. 


February 13, 1868. 
Lieut.-General SABINE, President, in the Chair. 


The following communications were read :— 


I. “On the Mysteries of Numbers alluded to by Fermat.”—Second 
Communication. By the Right Hon. Sir Freprrtck Poxock, 
Bart., F.R.S. Received January 14, 1868. 


(Abstract.) 


This paper is not adapted to be read in ewtenso; so much of it is con- 
nected with mere calculation, so much more of it requires continual re- 
ference to diagrams, that no adequate knowledge of its contents would be 
acquired by merely hearing it read aloud; but a statement has been pre- 
pared of what it contains which will give a general view of the result. 

The properties ascribed to all odd numbers, in addition to those con- 
tained in Fermat’s theorem, are these:—Ist. The algebraic sum of the 
roots in some form of the 4 squares which compose the number will equal 
1, 3, 5, 7, &c. (every odd number which it is large enough to produce) ; 
2ndly, the difference between some 2 of the roots will be any odd or even 


number whatever, subject to the same limitation. 
1 se ja are 
The series 1, 3, 7, 13, &e. (n, n,n, x+1) will give 1, 3, 5, &c. as the sum 
4246 8 


of the roots of its terms; and each term is the smallest that will give that 
Laer Brevik 
amount. So 1, 5, 13, 25, &c. isthe series whose terms are the smallest that 
fe to” LG 


give the odd numbers as a difference of the roots, and 1, 3, 9, 19, &e. that 
an oe 0) 


give the even numbers. And these are the three series that compose The 
Square (the subject of the dasé paper) when the Ist term is 1; and they 
are the cause of its properties. A portion of the paper is devoted to an 
Investigation of the change effected in the sum of the squares, by a change 
in the roots. If 2 roots differ by n, they may be represented by a@ and 
a+n; andif the smaller be diminished by 1, and the larger increased by 
1, the sum of the squares is increased by 2n+2; ifn=0, the difference is 
2; and it becomes 4, 6, 8, &c. as 2 becomes 1, 2, 3, 4, &e. On the other 
hand, if the smaller root be increased and the larger diminished by 1, the 
sum of the squares becomes less by 2n—2. 
2A2 
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A similar property belongs to all polygonal numbers; in the trigonal 
the increase 1S............ Seine 
Inthetsquare Wiss se sate ee 2n+2, 
in the pentagonal %x 512 222" 3n+3, 
and in the m-gonal.......... mn+m. 


When the reverse operation takes place and the sum of the squares is 
diminished, the + (plus) in the above expressions becomes — (minus). 
There are some other modes mentioned also in dealing with the roots so as 
to increase the sum of the squares by 2, although there be not two of the 
roots which are equal. A proof is offered, by means of a supplemental 
square decreasing as the other increases, that if every number up to 27+ 1 
has the properties of odd numbers above enumerated, then the number 
2n-+ 3 will also possess them ; and if this be so, then every subsequent odd 
number will likewise possess them. This is a mode of proof not un- 
frequent in mathematical_investigations : it cannot be abbreviated ; but it 
may be useful to state that the proof chiefly arises from this, that if one 
term of a series corresponds with the law of it, then every term will do so, 
and in all the series but two there will be one term obedient to the law 
which renders all the rest so; the other two series are treated differently. 

It is shown that if a term, in the series 1, 3, 7, &c., whose terms (repre- 
sented in the roots of the 4 squares of which they are the sum) will be 
n,n, n(n+1) be increased by 2, the roots being altered in the manner 
described above, the operation may be carried on till one of the terms be- 
comes zero (0); but the next term in the series will be reached before that 
occurs. Then the next term may be taken as the beginning of another 
similar operation, and may go on till another term is reached, and so on 
without end. In this way the 4 squares into which any odd numbers may 
be divided will be obtained; and if every odd number is divisible into 4 
squares, every even number will be so likewise. 

The next subject is considered the most material and important in the 
paper, because it connects Lagrange’s proof of the square numbers with 
The Square (the subject of the last paper). Euler thought that no assistance 
could be derived from the proof of Lagrange as to the other branches of 
the theorem (see Euler, ‘Opuscula Analytica,’ vol. ii. p. 4). But if every 
odd number is composed of 4 squares or less, then a number of the form 
4n+2 must be composed of 2, 3, or 4 squares, and in any of these cases 
m (any number) will be equal to 4 trigonal numbers, which is shown in the 
paper. 'The expression a*+a+J0° has been proved in a former paper of 
the author to be a general expression for any 2 trigonal numbers; and if 
any number is composed of 4 trigonal numbers or less, a?+a+6°+m* 
+m-+n’ will represent any number whatever, odd or even, and 2a*+2u 
+ 26°+ 2m’ + 2m + 2n? willrepresent any even number. This connects La- 
grange’s proof of the squares with The Square, which is the subject of the 
last paper; and if a series be composed of squares and double trigonal 
numbers beginning with nothing, and having differences 2, 2, 4, 4, 6, 6, 


' 
Le 


1868. ] , alluded to by Fermat. 253 


8, 8, &c., the series will be 2, 4, 8, 12, 18, &c., and any even number will 
be made with some 4 terms of the series. Now The Square, the subject of 
the last paper, has a property not noticed in the former paper, viz.that the 
first term of The Square, supposing it to be of the form 4n-+3, will be in- 
creased in descending down the principal diagonal into the sum of the 
squares of the roots 2,2+1, +1, +1, into which the number itself may 
be divided ; and if the form of the number be 4n+-1, a term which is the 
sum of the roots n, n, n, n+1 (into which 4x+1 may be divided) would 
appear in the diagonal next below the principal diagonal ; and as every odd 
number is of the form of either 4n+3, or 4n+1, this applies to every 
possible odd number, and each of these numbers is a term in the series 
already mentioned, 1, 3, 7, 13, &c., and which may be increased by any 
even number by means of the series 26°, 207+ 2a, and so on. This, it is 
shown in the paper, may be so altered as to correspond with the index of 
some number in the principal diagonal of the square, or the one below it, 
and will therefore ascend to the first term in The Square, and give the sum 
of its roots equal tol; and therefore (4n+3—1) divided by 2 will be com- 
posed of 3 trigonal numbers, and in the other case (4n+1—1) is divided 
by 2; that is, every odd and every even number is composed of 3 trigonal 
numbers. If this be so, Fermat’s theorem of the trigonal numbers is 
proved from the case of the squares, which (it is believed) has not been 
done before ; but this leads to other conclusions, which are shown in the 
paper. If 1 be the first term of The Square, every term in it will have its 
roots of the squares that compose it of the form + la, a, 6, 6, and the term 
itself will be composed of two trigonal numbers; but if each of these be 
made the first term of a square, every odd number will be found in some 
of the resulting squares ; and it is shown that every odd number not only 
is of the form 1+ 2a?+ 2a+206?+ 2m’?+2m-+2n’, but also of the form 
14+ 2a?+ 2a4+ 26? + 2m?+2m, or 14+2a°+ 2a+ 26°+2n?; so that, with re- 
respect to every odd number, two of the squares that compose it may be 
equal, and also two may have their roots differing by 1. 

There remains one other matter to be mentioned, viz. a certain remark- 
able relation which all the polygonal numbers bear to each other, and 
which forms a connexion that runs through them all, from which it would 
seem to follow that a solution of the theorem as to one would be a solution 
as to all the rest (except the first). 

This relation arises in the square numbers by a property of the gradation 
series, already in part alluded to, viz., as to the odd numbers, by which the 
interval between any two terms can be filled up, all the terms having, as 
to the odd numbers, the sum of the roots of the squares that compose them 
equal to the sum of the roots of the first term ; but the intervals, as to the 
even numbers, may be also filled up by making the sum of the roots one less 
than that of the roots of the odd numbers (see the Table in Diagram No. 3, 
which is thus constructed). A term in the gradation series is assumed (in 
this case 73); its roots are 4,4,4, 5; and the roots of all the odd numbers 
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between that and the next term are found by the processes mentioned in 
the former part of this paper. The roots of the even numbers are then 
obtained by an analogous process ; and these are used as bases or roots of 
the polygonal numbers, which are placed in columns, with their sums, as 
appears in the Table (see Diagram No. 4 for the mode in which the poly- 
gonal numbers are formed). 

It will be observed that the sum of the roots or bases is 17; but if they 
be used to form trigonal numbers, the increment of the sum of the re- 
sulting trigonal numbers above the sum of the roots or bases is 28, and so 
on of the rest, each successive column increasing by the same number, viz. 
28. If the roots or bases be n, 2, m,v+1 (that is, a term in the gradation 
series), the increment of the sums of the successive columns will be 
Qn? in, a trigonal number. 

Again, in the trigonal numbers the difference between the sums of the 
first and second term is 0; in the square numbers it is 1 ; in the pentagonal 
numbers 2; in the hexagonal numbers 3; in the heptagonal numbers 4 ; 
but in all of them the difference between the second and third terms is 1, 
and this continues throughout. The difference between the third and 
fourth, the fifth and sixth, the seventh and eighth, &c., increases by 1 in 
each column ; but the difference between the second and third, the fourth 
and fifth, the sixth and seventh, &c., is always 1 in each column; and the 
result is that, by adding 1 in the pentagonal column, by adding 1, or1.1 
in the hexagonal, by adding 1, or 1.1, or 1.1.1 in the heptagonal, every 
number, odd or even, can be made by not exceeding four square numbers, 
or five pentagonal numbers, or, &c., as clearly appears by the Table. 

This corresponds with what was discovered by Cauchy, published at the 
end of Legendre’s ‘Théorie des Nombres,’ viz. that four only of each class 
of numbers is necessary ; the rest may be supplied by 1 repeated as often as 
necessary. But I must not omit to say that, although all the odd numbers 
are sufficiently obedient, there is one class of even numbers quite refractory, 
viz. the powers of 2. They may be easily expressed in squares, pentagonal 
numbers, &c., but they cannot be brought within the rule that otherwise 
prevails. 


II. “ Compounds Isomeric with the Sulphocyanic Ethers.—I. On the 
Mustard Oil of the Ethyl Series.” By A. W. Hormann, LL.D., 
F.R.S. 


The results of my researches on the chloroform-derivatives of the 
primary monamines, which, as I: have shown, are isomeric with the nitriles, 
could not fail to direct my attention to allied groups of bodies, with the 
view of discovering similar isomerisms. 

In a note communicated to the Royal Society some months ago, I 
expressed the expectations which even then appeared to be justified in the 
following manner :— In conclusion, I may be permitted to announce as 
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very probable the existence of a series of bodies isomeric with the sulpho- 
cyanides. Already M. Cloéz has shown that the action of chloride 
of cyanogen on ethylate of potassium gives rise to the formation of an 
ethylic cyanate possessing properties absolutely different from those be- 
longing to the cyanate discovered by M. Wurtz. On comparing, on the 
other hand, the properties of the methylic and ethylic sulphocyanides with 
those of the sulphocyanides of allyland phenyl, it can scarcely be doubted 
that we have here the representatives of two groups entirely different, and 
that the terms of the methyl- and ethyl-series which correspond to oil of 
mustard, and to the sulphocyanide of phenyl, still remain to be discovered. 
Experiments with which I am now engaged will show whether these bodies 
cannot be obtained by the action of the iodides of methyl and ethyl on sul- 
phocyanide of silver.” 

These experiments I have since concluded, but the hopes which I 
expressed have not been realized. Dry sulphocyanide of silver is much 
less easily attacked by the alcohol-iodides than the cyanide. The mix- 
ture, in consequence of the formation of iodide of silver, rapidly turns yellow, 
but the reaction is not completed without protracted digestion in the water- 
bath ; on submitting the product of the reaction to distillation, the well-known 
sulphocyanic ethers, discovered by M. Cahours, are obtained. The expe- 
riment was performed both in the ethyl- and the amyl-series; the ethers 
thus produced, when compared with the compounds prepared by distilling 
sulphocyanide of potassium with sulphethylates or sulphamylates, exhi- 
bited the same odour, the same boiling-point, and in general the same 
chemical deportment. 

The failure of these experiments could not, however, shake my belief in 
the existence of two series of bodies of the composition of the sulphocyanic 
ethers. It was only necessary to find the method of producing the new 
isomers. 

I was fortunate enough almost at the very outset to trace the right track, 
and I beg leave to submit to the Royal Society some of the facts established 
even now by my experiments. These experiments are intimately connected 
with some of my older observations. 

More than twenty years ago, when studying the action of bisulphide of 
carbon on aniline, I discovered a finely crystallized body, which in succession 
has been designated as Sulphocarbanilide, Diphenylsulphocarbamide, and 
sulphuretted diphenylurea. About ten years later*, this compound again 
passed through my hands. I then found that, when submitted to the 
action of anhydrous phosphoric acid, sulphocarbanilide was converted by the 
loss of 1 mol. of aniline into sulphocyanide of phenyl. The phenyl-com- 
pound has the peculiar pungent odour of the ethereal oil of black mustard ; 
like the latter it possesses the faculty of fixing the ammonias—so much 0, 
indeed, that I did not hesitate to describe the new compound as the mustard 
oil of the pheny! series. 

* Proc. of the Roy. Soe. vol. ix. p. 274. 
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I almost wonder now that the experiments performed in the phenyl 
series, and soon afterwards also in the naphthyl series, were not even then 
extended to the ethylic compounds and their homologues—the more so since 
the study of the action of bisulphide of carbon upon amylamine and ethyl- 
amine had, so to say, supplied me with the material for the inquiry. When 
contemplated in the light of the recent observations, these experiments 
acquired an increased interest ; for I could no longer doubt that the reaction, 
which had yielded me the sulphocyanide of phenyl, when appropriately 
applied to the derivatives of methylic, ethylic, and amylic alcohols, would 
put me into possession of the compounds isomeric with the sulphocyanic 
ethers which I was anxious to procure. Experiment has not failed to 
confirm my anticipations. 


Experiments in the Ethyl series. 


The general character of the action of bisulphide of carbon upon ethyl- 
amine I had examined when more minutely investigating the behaviour of 
amylamine under the influence of the bisulphide*. I have resumed the 
inquiry, which has furnished me the following results :—- 

On adding bisulphide of carbon to an alcoholic solution of ethylamine, 
the liquid becomes more or less heated, according to the concentration of 
the solution. The liquid turns neutral, and yields on evaporation an oily 
compound, which after some time solidifies into a mass of splendid tabular 
crystals. This compound fuses at 103°, and then retains the liquid con- 
dition even when cooled to the ordinary temperature. When gently heated, 
the salt is volatilized, partly, at all events, without decomposition. These 
crystals are the ethylamine-salt of ethyl-sulphocarbamic acid. 

C,H, SICCS)2 (Cee) as 
[Sat] N |+o8= [on wAyH tS 

The salt is readily soluble both in water and in alcohol. Addition of soda 
disengages ethylamine, giving rise to the formation of ethylsulphocarba- 
mate of sodium. Hydrochloric acid decomposes the salt with separation 
of the acid, which collects in oily drops on the surface of the liquid, gra- 
dually solidifying to a mass of fatty crystals. Excess of hydrochloric acid 
dissolves these crystals, bisulphide of carbon being evolved, and a salt of 
ethylamine remaining behind. 

Under the protracted influence of heat ethylsulphocarbamate of ethyl- 
amine is thoroughly decomposed. 

Even at the temperature of boiling water, torrents of sulphuretted hy- 
drogen are disengaged; tlie transformation is rapidly accomplished when 
the alcoholic solution is heated under pressure to 110° or 120°. On eva- 
porating the alcoholic liquid after the evolution of sulphuretted hydrogen 
has ceased, an oily liquid remains behind, which also crystallizes after some 
time. These crystals fuse at 77°; they are likewise soluble in alcohol, 


* Proc. of the Roy. Soe. vol. ix. p. 591 (1860). 
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but differ from the ethylsulphocarbamate by their insolubility in water. 
Hydrochloric acid dissolves them ; the solution yields, with perchloride of 
platinum, a light-yellow precipitate. The new substance is diethylsul- 
phocarbamide or sulphuretted diethylurea, the formation of which is repre- 
sented by the following equation :— 


" CCS)! 

CS)" (C,H,) HN H 
MG aNpa  }S=H} s+) me 

On gently heating a mixture of diethylsulphocarbamide with anhy- 
drous phosphoric acid, pungent vapours are evolved, which are con- 
densed to a yellowish liquid possessing in a remarkable manner the odour 
of mustard oil. When rectified, this liquid becomes colourless ; it boils 
constantly at 134°, and has the same composition as the sulphocyanide of 
ethyl which is formed by the action of a metallic sulphocyanide upon 
sulphethylate of potassium. The new substance is formed by the sepa- 
ration from the diethylsulphocarbamide of one molecule of ethylamine, 
which unites with the phosphoric acid. 


(C8) Oy ney: 
(CH), Dame el a 


In its properties, the new compound essentially differs from the known 
sulphocyanic ethylether. The boiling-point of the latter is 147°; the new 
substance therefore boils 13° lower than the old one. The powerfully irri- 
tating odour of the new ether is absolutely different from that of the 
ordinary sulphocyanic ether, which, though by no means agreeable, exerts 
no marked action either upon nose or eyes. 

By far the most characteristic feature of the new compound, however, 
is the facility with which it acts upon ammonia and its derivatives. Dis- 
solved in alcoholic ammonia and digested for a few hours at 100°, the ether 
is converted into ethylsulphocarbamide or sulphuretted ethyl-urea. 


er (C 8)" 
(CH) J N+HN= (CH) mu 


with methylamine a mixed urea is formed, 
(C 8)" \ wee i Nacn) (CH) N,. 
, (C,H) H. ‘H, % 
Ethylamine produces the diethylated compound which has served in 


the preparation of the ether ; aniline, lastly, gives rise to the formation of 
a mixed urea of the fatty and aromatic series, 


(C 8)" la N=(C 1) (o 1) N 
(C,H) ll Cina 1s 29 
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All these diamines are very crystalline; they are weak bases which 

dissolve in acids, and furnish, with perchloride of platinum, yellow crys- 
talline precipitates. 
_ The faculty of combining with the ammonias, it will be remembered, is 
altogether deficient in the ordinary sulphocyanic ethers. On the other 
hand, it belongs to sulphocyanide of allyl, or mustard oil. In fact the 
new compound is in the ethyl-series what mustard oil is in the allyl-series. 
I have on this occasion again perused the beautiful memoir of Profes- 
sor Willon mustard oil, the indications of which have served me as a 
guide in my experiments. So far as these experiments go, the parallelism 
of the ethyl- and allyl-body is complete. 

For the present I must be satisfied to have indicated the formation and 
the principal properties of the new compound isomeric with sulphocyanide 
of ethyl. 

In a subsequent paper I propose to communicate to the Royal Society 
the results of a comparative study to which I have submitted the old and 
the new sulphocyanide, together with the conclusions elicited by these 
researches as to the different atomic construction of the two substances. 

In conclusion, I may be permitted to state that methylamine and amyl- 
amine, when subjected to the same treatment, have furnished me the 
analogous mustard terms of the methyl- and amyl-group ; the properties 
of these substances I have not yet more minutely investigated. 


February 20, 1868. 


Dr. WILLIAM ALLEN MILLER, Treasurer and Vice- President, 
in the Chair. 


Mr. Baldwin Francis Duppa was admitted into the Society. 


The following communications were read :— 


I. “Sur POrigine de ?Electrotone des Nerfs”’ Par M. Cu. Mar- 
TeuccI. Communicated by Dr. Bratz, F.R.S. 


Depuis mes premiers travaux sur la fonction électrique de la torpille, 
et sur le courant musculaire de la grenouille et des animaux a sang chaud, 
qui datent depuis 1837, et que la Société Royale voulut quelque temps aprés 
encourager avec sa plus haute distinction, je n’ai jamais cessé de m/’ac- 
quitter de la dette que j’avais ainsi contracté envers cet illustre corps scien- 
tifique, en lui communiquant les recherches successives tentées sur les mémes 
sujets, et dont le but constant a été de démontrer les analogies qui existent 
entre des lois physiques et chimiques connues et les phénoménes électro- 
physiologiques. ‘Tel est aussi le but de cette communication. 

Un fait remarquable d’électro-physiologie est la propriété dont parmi les 
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tissus organiques parait presque exclusivement doué le nerf, d’étre parcouru 
en dehors des électrodes d'une pile par un courant continu qui dure pen- 
dant que le circuit voltaique est fermé, dans le méme sens de celui-ci. 
Pour bien étudier les lois de ce phénoméne, il fallait les reproduire, comme 
je Pai fait, outre que sur les nerfs de la grenouille, sur ceux des animaux 
supérieurs et 4 sang chaud, tels que lapin, chiens, poulet, et brebis. C’est 
avec ces nerfs qu’on voit le courant appelé “de l’électrotone’’ acquérir une 
plus grande intensité, se produire 4 une plus grande distance des points 
touchés par les électrodes de la pile, et avoir lieu encore d’une manitre trés- 
sensible lorsque le nerf a perdu tout-a-fait ses proprictés vitales. De méme 
sur ces gros nerfs on obtient facilement un phénoméne trés-important pour 
la théorie, c’est-a-dire, la persistance du courant de l’électrotone aprés qu’on 
a fait cesser le courant de la pile, pourvu que ce courant eut une certaine in- 
tensité, et le passage efit été plus prolongé. 

Des phénoménes de cette nature faisaient déja entrevoir que si le courant 
de l’électrotone est nécessairement li¢ 4 la structure du nerf, il ne l’est pas 
avec ses propriétés vitales, mais qu'il dépend plutdt de quelques effets, 
physiques ou chimiques, produits dans les nerfs par le passage du courant 
voltaique. 

Je crois en effet d’avoir bien démontré que ces effets sont les produits 
de l’éiectrolysation qui se recueillent sur les points du nerf touchés par les 
électrodes de Ja pile, et des courants ou polarités secondaires développés par 
les réactions successives de ces produits. 

Je dois ici ajouter d’avoir répété encore tout derni¢rement dans mes 
cours, l’expérience de la ligature et de la section du nerf pour reconnaitre 
Yinfluence de ces actions sur le courant de lélectrotone. En opérant 
sur les nerfs sciatiques du lapin et du poulet on acquiert la certitude 
qu'un courant de lélectrotone, qui donne des déviations fixes de 36° 
a& un galvanométre de 24,000 tours, diminue 4 13° et s’y fixe aprés la 
ligature. 

Sur un autre nerf la diminution qui se produit aprés la section laisse 
Paiguille déviée 4 8°. 

I] me restait 4 rechercher de reproduire le courant de I’électrotone sur 
des fils métalliques choisis et placés dans les conditions les plus favorables 
pour le développement des courants secondaires. Dans ce but j’ai pris deux 
fils de métal trés-minces de platine et de zine, et ce dernier, je l’ai amalgamé : 
ces deux fils ont été ensuite enveloppés d’une couche de fil de coton, couche 
qui a été également imbibée d’une solution neutre de sulphate de zine. On 
sait que les polarités secondaires qui se développent trés-fortes et trés- 
rapidement sur le fil de platine, ne se développent pas sur le zinc. TI] est 
facile de disposer l’expérience de l’électrotone de maniére a opérer d’abord 
avec un de ces fils et puis avec Pautre. Le résultat de cette comparaison 
est net constant. Avec le fil de platine préparé comme je l’ai dit, on a le 
courant de l’électrotone trés-fort méme 4 1 métre de distance des électrodes 
de la pile, tandis qu’avec le fil de zinc, le courant de Vélectrotone on ne 
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Vobtient pas, quelque petite que soit la distance entre la pile et le galvano- 
metre. 

Il est donc bien prouvé que les polarités secondaires sont les causes de 
ces courants de 1’électrotone, et il est d’ailleurs facile de s’assurer par les 
‘papiers réactifs, de l’existence et de la diffusion trés-rapide des produits de 
Pélectrolysation sur le fil de platine de maniére a expliquer ces courants. 

Il est done logique de voir entre ces courants de l’électrotone du fil de 
platine et celui des nerfs, une analogie fondée et qui s’accorde avec les 
causes qui détruisent cette propriété dans les nerfs, et qui sont celles qui 
altérent sa structure, telles que la compression, la coagulation, et la liga- 
ture. Et 4 ce propos je puis ajouter que la ligature et la section sur le fil de 
platine préparé comme je l’ai dit, agissent dans le méme sens sur le cou- 
rant de l’électrotone comme sur le nerf; et on voit manifestement sur le fil 
de platine préparé, que l’altération consiste principalement dans la solution 
de continuité qu’on crée ainsi dans la couche humide externe qui enveloppe 
ce fil métallique. 

Je demande la permission 4 la S. R. d’ajouter encore quelques ré- 
sultats d’une recherche qui m’occupe maintenant, et qui est tentée dans la 
méme direction que mes recherches précédentes, c’est-a-dire, dans le but 
de déterminer quels sont les changements chimiques dans les nerfs et dans 
les muscles de la grenouille, soumis au passage continu du courant 
électrique. 

On concoit facilement la maniére d’opérer ; c’est de former en quelque 
sorte des électrodes avec des grenouilles préparées et dont les extrémités 
plongent dans l’eau de puits contenue dans deux cylindres poreux qui 
plongent également dans le méme liquide. On fait passer le courant de 8 
4 10 couples de Daniell pendant plusieurs heures a travers ces grenouilles 
et l’eau, et puis on analyse les deux liquides des porcelaines. Un résultat 
constant est, que les muscles des grenouilles ainsi électrolysés donnent une 
réaction alcaline beaucoup plus intense que les mémes muscles laissés a 
Dair, et les muscles qui communiquent au pole positif aussi bien que le liquide 
ou ces muscles plongent sont généralement plus chargés d’alcali que les 
muscles et le liquide du pdle negatif. 

Un autre fait aussi constant et remarquable c’est la grande difference 
dans la quantité d’albumine qu’on trouve dissoute dans les deux liquides. 
Dans cing expériences faites dans des circonstances égales, tandis que les 
liquides ot plongeaient les muscles en communication avec le pole positif, 
montraient 4 peine quelques traces d’albumine; l’autre liquide dont les 
grenouilles communiquaient avec le péle negatif, contenait une quantité 
abondante d’albumine. Dans d’autres séries d’expériences qui sont @ peine 
commencées, j’analyse lair resté en contact avec des grenouilles, les unes 
ayant les nerfs parcourus par le courant direct, les autres les nerfs par- 
courus par le courant inverse. Dans ces cas encore, on trouve des dif- 
férences constantes, et qui correspondent a ces effets électro-physiologiques 
différents. Je me suis aussi beaucoup occupé de la relation quil y a entre 
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le pouvoir électro-moteur des muscles et des actes chimiques de la respira- 
tion musculaire. Cette relation est mise hors de doute par des expériences 
rigoureuses et trés-variées. 

J’espére pouvoir plus tard communiquer a la S. R. la suite de ces 
trauaux. 


Il. “On the Resistance of the Air to the Motion of Elongated 
Projectiles having variously formed Heads.” By the Rev. F. Basu- 
FrorTH, B.D., Professor of Applied Mathematics to the Advanced 
Class of Artillery Officers, Woolwich. Communicated by Pro- 
fessor Stoxgs, Sec. R.S. Received January 30, 1868. 

(Abstract. ) 

These experiments were undertaken with a view to determine the resist- 
ance of the air to some forms of heads of elongated shot which were likely 
to be of practical use. The chronograph used was the one described in the 
Proceedings of the Royal Artillery Institution for August 1866*, which 
was constructed on the plan of the Greenwich instrument. ‘Ten screens 
were placed in a line at intervals of 150 feet, the first being 75 feet from 
the gun. The following were the forms of the heads, and ten shot of each 
kind were prepared :— 


bm eblemispheriGals 5 jce.sec cise = 3 2 Apa solid. 
2) itenispherordal (axes as is2)). 0... .. 2... solid. 
(3) Ogival (struck with a radius = 1 diameter).. solid. 
(4) Ogival (struck witha radius = 2diameters).. solid. 
Co Oaivalz@l diameter io. 8 seks ie es hollow. 
Mee Ocival (2 diameters)) cents es es hollow. 


(3) and (5) as well as (4) and (6) had respectively the same external 
forms, but the solid were nearly double the weight of the hollow shot. The 
gun used was a 40-pounder M.L., and the diameter of the shot was 4°7 
inches. 

It was found, as in the trial experiments of 1865, that, if s be the space 
described in time ¢ after passing the first screen, then, approximately, 

t= as + bs’, 
from which it follows that, if v be the velocity at time ¢, 


1: 
a+2bs’ 
and the retarding force 
= —2bv" 
If V denote the velocity when s=0, then 
Wee 
a 


* Published separately by Bell and Daldy, 1866. 
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] 
i | 

All the hollow shot were fired, giving eighteen out of twenty successful 
shots. Only a part of the solid shot prepared were fired ; and they did not 
give nearly such good results as the hollow shot, probably in consequence 
of the superior angular velocity of the hollow shot—hbecause, as a 5-lb. 
charge was used throughout, the lighter shot had a higher initial velocity, 
and consequently a higher corresponding angular velocity. 

Tables are given showing for every round :—(1) the experimental deter- 
mination of the time of passing each screen, supposing the first screen to be 
passed when ¢=0; (2) the velocities at the middle points between suc- 
cessive screens ; (3) the weights of the shot ; and (4) the numerical values 
of 67, where =150 feet, the distance between the screens. And assuming 
that, for a given form of head, the resistance of the air varies as the 
square of the diameter, the mean values of 26 have been adopted for shot 
weighing W lbs., and having a diameter of d inches, or 2R feet. 

When a body is moving in a straight line under the action of a force 
which varies as the cube of the velocity, it appears that the actual velocity 
v! at the middle of any space 2s! is such that, if another body moved over 
the same space 2s’ with a uniform velocity v', it would describe it in the 
same time as the first-named body. For the time ¢’ would 


= z 2s'+ 6(2s')’, 


+ 2bs 


uniform velocity 


2s! + B(2s!)? ~ + 2bs! 
the actual velocity at the distance s'. 

M. Hélie, in his ‘Traité de Balistique’ (1865), adopted, for elongated 
projectiles, a law for the resistance of the air which varied as the velocity 
cubed. The law was deduced from some experiments made at Gavre, when 
a great number of velocities (v', »'!) of shot fired with various charges were 
measured at two points « metres apart. The mean values of v!' and v!! 


—— § and it was found that 
w'lylan © 


were taken and substituted m the formula 


this was approximately constant, and consequently that the resistance varied 
as the (velocity)’. The French measures and weights have been converted 
into English measures for M. Heélie’s best experiment, im order to facilitate 
comparisons with my own experiments. The contents of M. Hélie’s work 
were quite unknown to me for several months after my report on the above 
experiments had been given in. For an ogival-headed shot struck with a 
radius of two diameters M. Hélie’s value of 24 is | 
R? d” 
26— 000036 —— = 000000062 —, 
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while my experiments for the same form of head, but with much higher 
velocities, give 
ey a? 

20 000060 — = '000000104 Ww 
There is reason to expect that my value of 6 will require a small reduction 
for the low velocities used in M. Hélie’s experiments ; but it is extremely 
improbable that it can be reduced to M. Hélie’s value. It will thus appear 
that M. Hélie and I agree in adopting a law of the resistance of the air, 
but that we have followed quite independent methods in experimenting, and 
have arrived at different numerical results. 


February 27, 1868. 
Lieut.-General SABINE, President, in the Chair, 


The following communications were read :— 


I. “On the Resistance of the Air to Rifled Projectiles.” By J. A. 
Loneriper, C.E. Communicated by C. Mansy, Esq. Received 
February 13, 1868, 


(Abstract. ) 


The introduction of elongated rifled projectiles having rendered it neces- 
sary to reconsider the laws of resistance which had been deduced by Robins, 
Hutton, and more recent authors, such an investigation is the object of 
this paper. | | 

It is first shown that Hutton’s law, 

R=av + bv’, Ten . 
if applied to the results obtained by the Special Armstrong and Whitworth 
Committee, 1866, leads to the following equation, 


V—1015°4 
(ihm 1620 loge vote} 


where Y is the initial velocity, 
v the residual velocity at the distance x from the gun. 
In like manner it is shown that the law adopted by Piobert, 
R= Av’+ Be’, 
leads to the equation 
V—994 » 
w=2197 loge Sab ae 
and the law | 
| R= Av?+ Bot 

to the equation 


a V?—958850  v’ 
2=2668 (oy ee ap 


f 
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These equations all fail by # becoming infinite when v=1015, 994, and 


979 respectively. 
It is, however, observed that, in the assumption of the law of the resist- 


ance, the higher the power of velocity the longer does the corresponding 
equation give rational results ; and by assuming R=av? with the same data, 
the following equation was obtained, 


Le log RHONA ee! 
ae le, a (; <b 


which gives consistent results for all values of v. 
The value of p here is 8°747, which would give the resistance varying 


~ nearly as the ninth power of the velocity. 

This result led the author of the paper to doubt the accuracy of the 
experiments, and to seek for further and more correct data, which were 
obtained from a minute (No. 23,351) of the Ordnance Select Committee, 
dated 21st September 1867, containing the results of experiments show- 
ing the loss of velocity of two projectiles, one of 8°818 lbs., and the other 
of 251 lbs., in passing through certain given distances with given initial 
velocities, varying from about 1500 feet to 600 feet per second. 

From these results a diagram was constructed, and for each projectile an 
equation was found which agreed tolerably well with the experimental 
results. 

The form of the equation assumed was 

(x+a)v"=C; 
and the resulting equation was for the small shot 
(7+ 665) v'=log~* 10°1473853, 


and for the large shot 
(v+ 2032) v'=log™* 12°6696158, 
the maximum error being about 14 per cent. of the velocity. 

Introducing into these equations the diameter and weight of the re- 
spective projectiles, and taking the index »=2°5, the values of C were 
found to be, 
small shot, C=log—! 10-7295585 a 


WwW 
large shot, C=log™' 10°7454405 qe 


the mean being C=log™! 10:7375745 pie 


and the resulting general equation 
logs 10: 7375746 ne 
(e+ = a? y25 ) ay — = log ; 10°7375745. 
The maximum error in velocity, as calculated by this formula, was for the 
small shot 13 per cent., and for the large shot 23 per cent. 


1868.] — of the Air to Projectiles. 265 


From the above equation the resistance per square inch of sectional area 


is found, 
Hee gy 
~ log@? 13°0154756° 
from which the following Table is constructed, the third column showing 
the resistance, as calculated by Hutton’s formula :— 


Table of Resistances to a Rifled Projectile. 


grecity, eels in Binion yee ; Pees in fo 
eet per ., per square } eet per S., per square : 
Smal cia a p. 218. aa ae p. 218 
1500 /18°89 18°94 790 0°613 ael2 
1400 {13°87 16°23 600 0°306 2°20 
1300 9:94 13°67 500 0°135 1°49 
1200 6°92 29 400 0°0494 0°93 
1100 3°722 9°14 300 0°01354 0°52 
1000 3°052 7°24 200 0:00218 0:23 
900 1:900 5°61 100 0:0000965 0°556 
800 1:118 4:24 


It is next shown that the hypothesis of the great increase of resistance 
at velocities exceeding 1100 feet per second being due to the vacuum 
behind the projectile is untenable, because the actual resistance at 1300 feet 
per second is only 9°94 lbs. per square inch, whilst, according to that 
hypothesis, the back resistance alone would be 15 lbs. per square inch. 

It is suggested that the true reason of the great increase of resistance 
may be found in the fact that a wave-impulse cannot be propagated at a 
greater velocity than 1100 feet per second, and that consequently a great 
condensation of air must take place in front of the projectile at all velo- 
cities exceeding this, and the resisting force of such condensed air will in- 
crease at a greater rate than indicated by Mariotte’s law, owing to the 
evolution of heat due to the condensation. 

A comparison is then instituted between the resistances as ascertained by 
the above law and those given by Hutton’s formula. 

It is stated that in experiments made on May 17th, 1867, the small 
shot weighing 8°8 lbs., moving with a mean velocity of 986 feet per second, 
lost 583 feet of velocity in a distance of 900 feet. 

The time of flight being -96 of a second, the resisting force must have 
been nearly twice the weight of the shot, or more accurately 17-2 lbs. 

Now, according to the formula given in this paper, the resistance is 
found to be 17°75 lbs., whilst Hutton’s formula gives a resistance of 
463 lbs. 

Having thus obtained a law which gives, with considerable accuracy, the 
residual velocity at any point of the flight, the corresponding equation to 


the trajectory is deduced for low degrees of elevation when the length of 
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the are differs very slightly from the horizontal distance, or ds=dzx nearly ; 
and the following is the resulting equation :— 


oe 7p 2Qmtl) wt? jh 3 2(n+1) 

=v tan DMSO Pi Sahel n 7D SAS ais n 

y=x tang+ 4 eT a +a” 2 41) (e-+a) t, 

where —— ma and cand a are the constants, and 7 the index in the 
Cn 


general equation 
| (e+a)v"=C. 

Examples of the application of this are given, showing the calculated ele- 
vation for the 12-pounder muzzle-loading Armstrong gun for ranges of 
2855 yards and 4719 yards, the gun being 17 feet above the planes. 

The calculated elevations were 6° 56’ and 14° 6’, the actual elevations 
being 7° and 15° respectively. 

It is not intended to claim more than approximate accuracy for the 
formule in this paper. The general formula has been shown to be 
derived by taking mean values of m and ec, whereas the actual results would 
indicate that the value of m increases with the diameter of the projectile ; 
and it is shown in a note that the values of 2 which agree best with expe- 


riment are, 
for the small shot n=2°4, 


for the large shot n=4, 

corresponding to the following resistances, 

small shot R=vx*", 

large shot R=v’. 
Whether in reality the index does increase with the diameter of the shot 
must be left to be determined by more extended experiments; meantime 
it may be assumed that the general formula in this paper represents with 
tolerable accuracy the law of resistance and the loss of velocity of pro- 
jectiles varying from 8:8 lbs. to 251 lbs. in weight, from 3 inches to 
9 inches in diameter, and from 1500 to 600 feet per second in velocity. 


II. On the Theory of Probability, applied to Random Straight 
Lines.” By M. W. Crorron, B.A., of the Royal Military 
Academy, Woolwich, late Professor of Natural Philosophy in the 
Queen’s University, Ireland. Communicated by Prof. SyLvEstER. 
Received February 5, 1868. 


(Abstract. ) 


This paper relates to the Theory of Local Probability—that is, the appli- 
cation of Probability to geometrical magnitude. This inquiry seems to 
have been originated by the great naturalist Buffon, in a celebrated pro- 
blem proposed and solved by him. Though the subject has been more 
than once touched upon by Laplace, yet the remarkavle depth and beauty 
of this new Calculus seem to have been little suspected till within the last 
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few years, when the attention of seyeral English mathematicians has been 
directed to it, and results of a most smgular character have been obtained. 

The problems on Local Probability which have been hitherto treated 
relate almost exclusively to points taken at random. The object of the 
present paper is to show how the Theory of Probability is to be applied to 
straight lines whose position is unknown, or, in other words, which are 
taken at random. 

The author commences by showing that when a straight line is drawn at 
random in an indefinite plane, or, in other words, when we take one out of 
an infinite assemblage of lines all drawn at random in the plane, the true 
mathematical conception of this assemblage is as follows :— 

Conceive the plane ruled with an infinity of parallels at a constant in- 
finitesimal distance (6p) asunder; then imagine this system of parallels 
turned through an infinitesimal angle (60) ; then through a second equal 
angle, and so on, till the parallels return to their original direction ; the 
plane will thus be covered with an infinite number of systems of parallels, 
running in every possible direction. 

If an infinite plane be covered in this manner with straight lines, and we 
draw any closed convex contour on the plane, and then imagine all the lines 
effaced from the plane, except those which meet this contour, we shall have 
a clear conception of the system of random lines which meet the given 
contour. 

By applying mathematical calculation to this system, the following im- 
portant principle is proved :— 

The measure of the number of random lines which meet a given closed 
convex contour is L, the length of the contour. 

If the contour be non-convex, or be not closed, the measure will be the 
length of an endless string passing round it and tightly enveloping it. 

Hence, given any closed convex contour of length L, and any other of 
length /, lying wholly within the former, the probability that a line drawn 
at random to meet L shall also meet /, is 

Ee 
L 
. The following propositions are then established :— 

If the contour / lie wholly owtszde L, then, if X be the length of an end- 
less band tightly enveloping the two contours and crossing between them, 
and Y the length of another endless band also enveloping both, but not 
crossing between them, the probability that a random line meeting L shall 


also meet J, is 
_xX-Y 
aaa Eee 
Again, if the contour 7 should intersect L (whether in two or more 
points), then, if Y be an endless band tightly enveloping both, 
L+/—Y 
L 
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A closed convex boundary of any form, of length L, encloses an area 
©: if two random straight lines intersect it, the probability of their inter- 
section lying within it is 

__ 27Q, 
eee L? 


The probability of their intersection lying within any — area, w, which 
is enclosed within Q, is 


Ba 

A more difficult question would be to determine the probability in the 
case where w is external to ©. 

These fundamental results, it will be observed, are of great generality. 
The author proceeds to apply them to the solution of various problems re- 
lating to random straight lines ; in fact any such problem of probability 
may be reduced by the principles above laid down to a question of pure 
mathematical calculation. 

What will probably be considered among the most curious results con- 
tained in this paper are the collateral applications of the theory to the 
integral calculus. Several integrals of a singular character are obtained, 
some of which it seems very difficult to prove by any known method. One 
or two of these are subjoined, with indications of the methods used in 
establishing their truth. 

If a given convex boundary be intersected by a system of random lines, 
as above described, every pair of lines will meet in a point; and these 
points of intersection will be scattered all over the plane, some within the 
boundary, some without. Those within will evidently be distributed with 
uniform density over the area; but it becomes a question for those outside, 
to determine the law according to which their density varies ; and it is 
proved in this paper that the density of the intersections of a system of 
random lines crossing a given area, for any external point P, is propor- 
tional to @—sin 6, where 6 is the apparent angular magnitude of the area 
Srom P. 

Hence the number of external intersections is represented by 


SS (sin 0) dS; 


now the number of internal will be 7, and the whole number 3L’. 
Hence 

Tf Q be any plane area, enclosed by a convex boundary of length L, and 
§ the angle which it subtends at any external point (a, y), then 


Sf (0—sin 6) dedy =4L'—79, 


the integral extending over the whole external surface of the plane*. 
By conceiving an infinite system of random lines covering an infinite 


* This theorem has appeared in the ‘Comptes Rendus’ of the French Academy of 
Sciences (Dec. 1867). 
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plane, and a second system, all of which meet a given boundary in that 
plane, and then fixing our attention on the intersections of the former 
system with the latter, we find the density here proportional to 6; and the 
following theorem is deduced from this consideration :— 

Given any convex boundary (whose apparent magnitude is called 0), let 
there be an external boundary surrounding it, such that any tangent to 
the inner cuts off a constant area from the outer, then 


S/S 0dedy=nD, 


the integral extending over the whole annulus between them, D being the 
difference of the areas of the parts into which the annulus is divided by 
any tangent to the inner. 

For instance, we may take two similar concentric ellipses. If both the 
Inner and outer boundaries are of any convex forms whatever, the above 
expression is still true, provided D mean the average value of the difference 
of areas as the tangent revolves by uniform angular displacements. 

If we consider a plane covered with random lines, and then divide them 
into two systems, one crossing a given boundary, the other all outside it, 
the density of the points in which the former system cut the latter will be 
proportional to sm @; and this leads to the next theorem. 

If an endless string (of length Y) be passed round a given convex 
boundary (of length L), and the string be kept stretched by the point of a 
pencil, which thus traces out an external boundary, then if 0 be the appa- 
rent magnitude of the given boundary at any point (x, y), we shall have 


Sf sit: 0dedy =L (¥—L), 


the integral extending over the annular space between the boundaries. 

A remarkable instance of this is an ellipse, the outer curve being, as is 
well known, a confocal ellipse. 

Some other applications of the theory to integration are then given. It 
is important to notice that these applications, though having arisen from 
researches on probability, rest on a basis wholly independent of that theory. 
The apparatus of equidistant parallels revolving by infinitesimal angular 
displacements, which has been here employed, is a purely geometrical 
conception ; and the proofs of these integrals can be presented in a strict 
mathematical form. A reticulation composed of two systems of parallels 
crossing at a finite angle has already been employed by Cauchy, Liouville, 
and Eisenstein as a method in the theory of numbers and elliptic functions. 
The reticulation used above is a more delicate and complicated one, con- 
sisting, not of two, but of an infinite number of systems of parallels. 

There remains a more difficult but deeply interesting inquiry, scarcely 
touched upon in this paper—namely, the extension of the above results to 
the cases of straight lines, and of planes, taken at random in space. 


VOL. XVI. we 


270 


Mr. J.C. Maxwell on Governors. 


[Mar. 5, 


March 5, 1868. 
JOHN PETER GASSIOT, Ese., V.P., in the Chair. 


In accordance with the Statutes, the names of the Candidates for elec- 
tion into the Society were read as follows :— 


Alexander Armstrong, M.D. 

John Baily, Esq., Q.C. 

John Ball, Esq., M.A. 

Henry Charlton Bastian, M.D. 

Samuel Brown, Esq. 

Lieut.-Colonel John Cameron, R.E. 

Charles Chambers, Esq. 

Frederic Le Gros Clark, Esq. 

Robert Bellamy Clifton, Esq., M.A. 

George Critchett, Esq. 

Morgan William Crofton, Esq., B.A. 

Herbert Davies, M.D. 

Joseph Barnard Davis, M.D. 

Henry Dircks, Esq. 

P. Martin Duncan, M.D. 

William Esson, Esq., M.A. 

Alexander Fleming, M.D. 

George Carey Foster, Esq., B.A. 

Peter Le Neve Foster, Esq., M.A. 

Sir Charles Fox. 

Edward Headlam Greenhow, M.D. 

Peter Griess, Esq. 

Augustus George Vernon Harcourt, 
Esq. 

Edmund Thomas Higgins, Esq. 

William Charles Hood, M.D. 

George Johnson, M.D. 

Rear-Admiral Astley Cooper Key, 
C.B. 

David Macloughlin, M.D. 


George Matthey, Esq. 

St. George Mivart, Esq. 

Edward Chambers Nicholson, Esq. 

Thomas Nunneley, Esq. 

Rear-Admiral Erasmus Ommaney, 
C.B. 

Captain Sherard Osborn, R.N., C.B. 

Rev. Stephen Parkinson, B.D. 

James Bell Pettigrew, M.D. 

Charles Bland Radcliffe, M.D. 

John Russell Reynolds, M.D. 

Vice-Admiral Robert Spencer Ro- 
binson. 

Edward Henry Sieveking, M.D. 

Edward James Stone, Esq., M.A. 

Colonel Henry Edward Landor 
Thuillier, R.A. 

Rev. Henry Baker Tristram, M. AS 

Edward Burnet Tylor, Esq. 

William Sandys Wright Vaux, Esq., 
M.A. 

Augustus Voelcker, Esq., Ph.D. 

Edward Walker, Esq., M.A. 

George Charles Wallich, M.D. 

J. Alfred Wanklyn, Esq. 

Edward John Waring, M.D. 

Henry Wilde, Esq. 

Samuel Wilks, M.D. 

Henry Worms, Esq. 


The following communications were read :— 


L. © On Governors.”’ 
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A Governor is a part of a machine by means of which the velocity of the 
machine is kept nearly uniform, notwithstanding variations in the driving- 


power or the resistance. 
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Most governors depend on the centrifugal force of a piece connected 
with a shaft of the machine. When the velocity increases, this force in- 
ereases, and either increases the pressure of the piece against a surface or 
moves the piece, and so acts on a break or a valve. 

In one class of regulators of machinery, which we may call moderators *, 
the resistance is increased by a quantity depending on the velocity. Thus 
im some pieces of clockwork the moderator consists of a conical pendulum 
revolving within a circular case. When the velocity increases, the ball of 
the pendulum presses against the inside of the case, and the friction checks 
the increase of velocity. 

In Watt’s governor for steam-engines the arms open outwards, and so 
contract the aperture of the steam-valve. 

In a water-break invented by Professor J. Thomson, when the velocity 
is increased, water is centrifugally pumped up, and overflows with a great 
velocity, and the work is spent in lifting aud communicating this velocity 
to the water. 

In all these contrivances an increase of driving-power produces an increase 
of velocity, though a much smaller increase than would be produced with- 
out the moderator. 

But if the part acted on by centrifugal force, instead of acting directly 
on the machine, sets in motion a contrivance which continually increases 
the resistance as long as the velocity is above its normal value, and reverses 
its action when the velocity is below that value, the governor will bring 
the velocity to the same normal value whatever variation (within the 
working limits of the machine) be made in the driving-power or the re- 
sistance. 

I propose at present, without entering into any details of mechanism, to 
direct the attention of engineers and mathematicians to the dynamical 
theory of such governors. 

It will be seen that the motion of a machine with its governor consists 
in general of a uniform motion, combined with a disturbance which may 
be expressed as the sum of several component motions. ‘These components 
may be of four different kinds :— 

1. The disturbance may continually increase. 

2. It may continually diminish. 

3. It may be an oscillation of continually increasing amplitude. 

A. It may be an oscillation of continually decreasing amplitude. 

The first and third cases are evidently inconsistent with the stability of 
the motion; and the second and fourth alone are admissible in a good go- 
vernor. This condition is mathematically equivalent to the condition that 
all the possible roots, and all the possible parts of the impossible roots, of 
a certain equation shall be negative. 

I have not been able completely to determine these conditions for equa- 


* See Mr. C. W. Siemens “On Uniform Rotation,” Phil. Trans. 1866, p. 657. 
AM Op. 


272 Mr. J.C. Maxwell on Governors. _ [Mar. 5, 


tions of a higher degree than the third; but I hope that the subject will 
obtain the attention of mathematicians. 

The actual motions corresponding to these impossible roots are not ge- 
nerally taken notice of by the inventors of such machines, who naturally 
confine their attention to the way in which it is designed to act; and this 
is generally expressed by the real root of the equation. If, by altering the 
adjustments of the machine, its governing power is continually increased, 
there is generally a limit at which the disturbance, instead of subsiding 
more rapidly, becomes an oscillating and jerking motion, increasing in vio- 
lence till it reaches the limit of action of the governor. This takes place 
when the possible part of one of the impossible roots becomes positive. 
The mathematical investigation of the motion may be rendered practically 
useful by pointing out the remedy for these disturbances. 

This has been actually done in the case of a governor constructed by Mr. 
Fleeming Jenkin, with adjustments, by which the regulating power of the 
governor could be altered. By altering these adjustments the regulation 
could be made more and more rapid, till at last a dancing motion of the 
governor, accompanied with a jerking motion of the main shaft, showed 
that an alteration had taken place among the impossible roots of the 
equation. 

I shall consider three kinds of governors, corresponding to the three 
kinds of moderators already referred to. 

In the first kind, the centrifugal piece has a constant distance from the 
axis of motion, but its pressure on a surface on which it rubs varies when 
the velocity varies. In the moderator this friction is itself the retarding 
force. In the governor this surface is made moveable about the axis, and 
the friction tends to move it; and this motion is made to act on a break 
to retard the machine. A constant force acts on the moveable wheel in 
the opposite direction to that of the friction, which takes off the break 
when the friction is less than a given quantity. 

Mr. Jenkin’s governor is on this principle. It has the advantage that 
the centrifugal piece does not change its position, and that its pressure is 
always the same function of the velocity. It has the disadvantage that the 
normal velocity depends in some degree on the coefficient of sliding friction 
between two surfaces which cannot be kept always in the same condition. 

In the second kind of governor, the centrifugal piece is free to move fur- 
ther from the axis, but is restrained by a force the intensity of which varies 
with the position of the centrifugal piece im such a way that, if the velocity 
of rotation has the normal value, the centrifugal piece will be in equilibrium 
in every position. If the velocity is greater or less than the normal velo- 
city, the centrifugal piece will fly out or fall in without any limit except 
the limits of motion of the piece. But a break is arranged so that it is 
made more or less powerful according to the distance of the centrifugal 
piece from the axis, and thus the oscillations of the centrifugal piece are 
restrained within narrow limits. 
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Governors have been constructed on this principle by Sir W. Thomson 
and by M. Foucault. In the first, the force restraining the centrifugal piece 
is that of a spring acting between a point of the centrifugal piece and a 
fixed point at a considerable distance, and the break is a friction-break 
worked by the reaction of the spring on the fixed point. 

In M. Foucault’s arrangement, the force acting on the centrifugal piece 
is the weight of the balls acting downward, and an upward force produced 
by weights acting on a combination of levers and tending to raise the balls. 
The resultant vertical force on the balls is proportional to their depth be- 
low the centre of motion, which ensures a constant normal velocity. 
‘The break is :—in the first place, the variable friction between the com- 
bination of levers and the ring on the shaft on which the force is made 
to act; and, in the second place, a centrifugal air-fan through which 
more or less air is allowed to pass, according to the position of the 
levers. Both these causes tend to regulate the velocity according to the 
same law. 

The governors designed by the Astronomer Royal on Mr. Siemens’s prin- 
ciple for the chronograph and equatorial of Greenwich Observatory de- 
pend on nearly similar conditions. The centrifugal piece is here a long 
conical pendulum, not far removed from the vertical, and it is prevented 
from deviating much from a fixed angle by the driving-force being rendered 
nearly constant by means of a differential system. The break of the pen- 
dulum consists of a fan which dips into a liquid more or less, accurding to 
the angle of the pendulum with the vertical. The break of the principal 
shaft is worked by the differential apparatus ; and the smoothness of motion 
of the principal shaft is ensured by connecting it with a fly-wheel. 

In the third kind of governor a liquid is pumped up and thrown out over 
the sides of arevolving cup. In the governor on this principle, described by 
Mr. C. W. Siemens, the cup is connected with its axis by a screw and a 
spring, in such a way that if the axis gets ahead of the cup the cup is 
lowered and more liquid is pumped up. If this adjustment can be made 
perfect, the normal velocity of the cup will remaim the same through a 
considerable range of driving-power. 

It appears from the investigations that the oscillations in the motion 
must be checked by some force resisting the motion of oscillation, This 
may be done in some cases by connecting the oscillating body with a body 
hanging in a viscous liquid, so that the oscillations cause the body to rise 
and fall in the liquid. 

To check the variations of motion ina revolving shaft, a vessel filled with 
viscous liquid may be attached to the shaft. It will have no effect on uni- 
form rotation, but will check periodic alterations of speed. 

Similar effects are produced by the viscosity of the lubricating matter 
in the sliding parts of the machine, and by other unavoidable resistances ; 


so that it is not always necessary to introduce special contrivances to.check 
oscillations, 
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I shall call all such resistances, if approximately proportional to the 
velocity, by the name of “ viscosity,’ whatever be their true origin. 

In several contrivances a differential system of wheelwork is introduced 
between the machine and the governor, so that the driving-power acting on 
' the governor is nearly constant. 

T have pointed out that, under certain conditions, the sudden disturbances 
of the machine do not act through the differential system on the governor, 
or vice versd. When these conditions are fulfilled, the equations of mo- 
tion are not only simple, but the motion itself is not liable to disturbances 
depending on the mutual action of the machine and the governor. 


Distinction between Moderators and Governors. 


In regulators of the first kind, let P be the driving-power and R the re- 
sistance, both estimated as if applied to a given axis of the machine. Let 


dx 
V be the normal velocity, estimated for the same axis, and = ; the actual 


velocity, and let M be the moment of inertia of the whole ae reduced 
to the given axis. 
Let the governor be so arranged as to increase the resistance or diminish 


the driving-power by a quantity F (F di -v), then the equation of motion 


will be 


= (u)= pay r (S-v) ois 


When the cont has obtained its final rate the first term vanishes, and 
dee P—R 
— ee Ss \ 
7 deo Ro tt rr 
Hence, if P is increased or R diminished, the velocity will be permanently 
increased. Regulators of this kind, as Mr, Siemens * has observed, should 
be called moderators rather than governors. 

In the second kind of regulator, the force F (F = v), instead. of being 
applied directly to the machine, is applied to an independent moving piece, 
B, which continually increases the resistance, or diminishes the sagt 
power, by a quantity depending on the whole motion of B. 

If y represents the whole motion of B, the equation of motion of 


Bis 4 : 
d wv 
£(3@)\_7(2_y)-... 
and that of M 
£ (m@)—P—R— P(S—-V)+6y ee 
dt\. dt} dt : 
where G is the resistance applied by B when B moves through one unit of 


space, 


* “On Uniform Rotation,” Phil. Trans. 1866, p. 697. 
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We can integrate the first of these equations at once, and we find 
d 
B=F («—Vé) ; MMe Re) 


so that if the governor B has come to rest e=V¢, and not only is the velo- 
city of }the machine equal to the normal velocity, but the position of the 
machine is the same as if no disturbance of the driving-power or resistance 
had taken -place..- 

Jenkin’s Governor.—In a governor of this kind, invented by Mr. 
Fleeming Jenkin, and used in electrical experiments, a centrifugal piece 
revolves on the principal axis, and is kept always at a constant angle by an 
appendage which slides on the edge of a loose wheel, B, which works on 
the same axis. The pressure on the edge of this wheel would be propor- 
tional to the square of the velocity ; but a constant portion of this pressure 
is taken off by a spring which acts on the centrifugal piece. The force 
acting on B to turn it round is therefore 

p7) & i 
dt a 
and if we remember that the velocity varies within very narrow limits, we 
may write the expression 
eG -v,)’ 


where I is a new constant, and V, is the lowest limit of velocity within 
which the governor will act. 

Since this force necessarily acts on B in the positive direction, and since 
it is necessary that the break should be taken off as well as put on, a weight 
W is applied to B, tending to turn it in the negative direction; and, for 
a reason to be afterwards explained, this weight is made to hang in a 
viscous liquid, so as to bring it to rest quickly. 

The equation of motion of B may ae be written 


wea? (Gn) - ay fe ee aay 


where Y is a coefficient depending on the viscosity of the liguid and 
on other resistances varying with the velocity, and W is the constant weight. 
Integrating this equation with respect to ¢, we find 


Be EM. oy sa 


If B has come to rest, we have 


W\. Y 
w=(V.+55) f+ py Bo ok a ey 


or the position of the machine is affected by that of the governor, but the 
final velocity is constant, and 
W 
Mie VG . ° ° . e ° e e e . e e e (9) 


where V is the normal velocity. 
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The equation of motion of the machine itself is 


dx dau 
M—.=P—R—F (“:-V.)—6v. «| \et ST ve eareteeane (10) 


dt” 
- This must be combined with equation (7) to determine the motion of the 
whole apparatus. The solution is of the form 


=A ent+ A,ett+ Aett+Vi,. . <<) ol 
where 7,, 2,, , are the roots of the cubic equation 
MBn?+ (MY+FB)n?4+FYn4+FG=0. . .. . (12) 


If x be a pair of roots of this equation of the form a@-+ 7 — 18, then the 

part of # corresponding to these roots will be of the form 
e cos (6¢+/3). 

If a is a negative quantity, this will indicate an oscillation the amplitude 
of which continually decreases. Jf a@ is zero, the amplitude will remain 
constant, and if a is positive, the amplitude will continually increase. 

One root of the equation (12) is evidently a real negative quantity. 
The condition that the real part of the other roots should be negative is 

ra org Gr a ‘ 
(ar+ z) B pm? Positive quantity. 

This is the condition of stability of the motion. If it is not fulfilled 
there will be a dancing motion of the governor, which will increase till it 
is as great as the limits of motion of the governor. To ensure this stability, 
the value of Y must be made sufficiently great, as compared with G, by 
placing the weight W in a viscous liquid if the viscosity of the Inbri- 
cating materials at the axle is not sufficient. 

To determine the value of F, put the break out of gear, and fix the 
moveable wheel ; then, if V and V’ be the velocities when the driving-power 
isoe-and )’, 

2 aP P: 
= ae 

To determine G, let the governor act, and let y and y' be the positions 
of the break when the driving-power is P and P’, then 


_ 2a 
Rage 


F 


General Theory of Chronometric Centrifugal Pieces. 
Sir W. Thomson’s and M. Foucault's Governors.—Let A be the mo- 
ment of inertia of a revolving apparatus, and @ the angle of revolution. 


The equation of motion is 
d do 
= > a= L,; ° e e e ° e e l 
dt (A =) ( ) 


where L is the moment of the applied force round the axis. 
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Now, let A be a function of another variable ¢ (the divergence of the 
centrifugal piece), and let the kinetic energy of the whole be 


Mpa) eal ma 
5 AGE 2 ace 


where B may also be a function of ¢, if the centrifugal piece is complex. 
If we also assume that P, the potential energy of the apparatus, is a 
function of ¢, then the force tending to diminish 4, arising from the action 


IP 
of gravity, springs, &c., will be Te ; 


The whole energy, kinetic and potential, is 


a ay 
E= ; A +3 Bol +p 5/1 all Sai Elle wer MapSiae tO) 
Differentiating with respect to ¢, we find 


dp/l dA ae 1 dB dg dP FR 720 dp dp) 
GAD dg di 3 do dt| = di de de de | 
ages ee do dp, ya a) { ©) 
dt dt\dw dt dt aye 
whence we have, by eliminating L, 
df.ds\_1dAd0, 1dB do) dP 
a ane D5 G15 ba NCE Mesias aad a 
The first two terms on the right-hand side indicate a force tending to 
increase ¢, depending on the squares of the velocities of the main shaft and 
of the centrifugal piece. The force indicated by these terms may be called 
the centrifugal force. 
If the apparatus is so arranged that 


fea coe tr COWSU sn le Obl a IN) at a. es tyes ACO) 


where w is a constant velocity, the equation becomes 


TON te E. ea 
ee =3 aaa w' 45 WM agree ty TOO 


In this case the value of @ cannot remain constant unless the angular 
velocity is equal to w. 

A shaft with a centrifugal piece arranged on this principle has only one 
velocity of rotation without disturbance. If there be a small disturbance, 
the equations for the disturbances 6 and @ may be written 


d’0 dA Re 
Aa de. * ig © adi ==) be ° e ° ° ° e ° e e (7) 
Po dA. dd | 

de do Cea . ° ° e © e ° ° ° ® (8) 


dA 
The period of such small disturbances is dé (AB)-? revolutions of the 
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shaft. They will neither increase nor diminish if there are no other terms 
in the equations. 

To convert this apparatus into a governor, let us assume viscosities X 
and Y in the motions of the main shaft and the centrifugal piece, and a 


resistance G¢ kes to the main shaft. Putting = w=K, the equations 


become do ; 
Api dé? oom oe ot KT mar Go= L, e ° e ° e e @ (9) 
a , = = | | 
B de + Y dt —K7 = 0. e es e e e e e (10) 


The condition of stability of the motion indicated by these equations is 
that all the possible roots, or parts of roots, of the cubic equation 


ABn?+(AY+BX)n?+(XY+K?2)n+GK=0. . . . (11) 


shall be negative ; and this condition is 


(G+) (XY+K)=CK. . . 


Combination of Governors.—If the break of Thomson’s governor is ap- 
plied to a moveable wheel, as in Jenkin’s governor, and if this wheel works 
a steam-valve, or a more powerful break, we have to consider the motion 
of three pieces. Without entering into the calculation of the general equa- 
tions of motion.of .these pieces, we may confine ourselves to the case of 
small disturbances, and write the equations 


ott Be eats pon | 
do, do a ! 
Bart Ye ree =0, (13) 
bal se 
Cat la, —To =0, ) 


where 6, ¢, are the angles of disturbance of the main shaft, én centri- 
fugal arm, and the moveable wheel respectively, A, B,C their moments 
of inertia, X, Y, Z the viscosity of their connexions, K is what was for- 


merly denoted by Ti and T and J are the powers of Thomson’s and 


Jenkin’s breaks respectively. 
The resulting equation in m is of the form 


An? + Xn Ka+T J 
ps But+yY 0 =. (14) 


or DCs Garay’ XYZ /A.,B.C 2 
OS Bota c) + | apa (x +y+z) + as 
(XYZ + KIG+ A) KTZ KTS | 

+ni( ABC coc AROS 
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I have not succeeded in determining completely the conditions of sta- 
bility of the motion from this equation ; but I have found two necessary 
conditions, whieh are in fact the conditions of stability of the two governors 
taken separately. If we write the equation 

nto +gni+trvtentt,-. 2 ee ke (16) 
ten, i in order that the possible parts of all he roots shall be negative, it 
is necessary that 

iA SS AUS Ley OSA fe oS Ni rea ena a aan G9) 

I am not able to show that these conditions are sufficient. This com- 

pound governor has been constructed and used, 


On the Motion of a Liquid in a Tube revolving about a Vertical Axis. 


Mr. C. W. Siemens’ s Liquid Governor.— Let p be the density of the fluid, 
k the section of the tube at a pomt whose distance from the origin mea- 
sured along the tube is s, 7, 0, z the coordinates of this point referred to 
axes fixed with respect to the tube, Q the volume of liquid which passes 
through any section in unit of time. Also let the following integrals, 
taken over the whole tube, be 


Spkr'ds=A, JSor?do=B, Sfv-ds=C, Rg eet me) 


the lower end of the tube being in the axis of motion. 
Let @ be the angle of position of the tube about the vertical axis, then 
the moment of momentum of the liquid in the tube is 


BO i ae. yt ee) 


The moment of momentum of the liquid thrown out of the tube in unit 
of time is 
= = pr QP +p Geos «, aa eae ino toes Beet ) 
where 7 is the radius at the orifice, # its section, and a the angle between 
the direction of the tube there and the direction of motion. 

The energy of motion of the fluid in the tube is 


w=sa7 +39 BSE Cy ot A el ee 


The euergy of the fluid which escapes in unit a time is 


dW' 
dt — =pgQ (h+z)+ 307° git! +5 cos aQ? se FQ’ ea ee a6) 


The work: done-by- the prime mover in turning the shaft in unit of 
time is 


dy (att att) 
La at ae td pa oe 
The work spent on the liquid in Ne of time is 
dW dW’ 


“dt dt 
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arenes this to the work at we obtain the equations of motion 


ae op poet ate Cos aQ’?= —= 1. « . ° * e e (7) 


Bee r 9 


These equations on to a tube of given section throughout. If the 
fluid is in open channels, the values of A and C will depend on the depth to 
which the channels are filled at each point, and that of & will depend on 
the depth at the overflow. 

In the governor described by Mr. C. W. Siemens in the paper already 
referred to, the discharge is practically limited by the depth of the fluid 
at the brim of the cup. 

The resultant force at the brim is f= 7 g2+w*7". 

If the brim is perfectly horizontal, the overflow will be proportional to 
xz (where z is the depth at the brim), and the mean square of the velocity 
relative to the brim. will be proportional to 2, or to Q3. 


If the breadth of overflow at the surface is proportional to x”, where z is 
the height above the lowest point of overflow, then Q will vary as 2” *2, and 
the mean square of the velocity of overflow relative to the cup as @ or as 

1 
Q’+e 

If » = —4H, then the overflow and the mean square of the velocity are 
both bp iapertional to @. 

From the second th we a for the mean square of velocity 


cal ees do 2) 
a “(BG ae aie “ at pte p-2yh+r) + (9) 
If the velocity of rotation and of overflow is in. this becomes 
Q?_ dp 
S05 !_ag(ht-r). « 3 


From the first equation, supposing, asin Mr. Siemens’s construction, that 
cos a=0 and B=0, we find 


on Ab 
L =pr"Q dt: . e e e e e e e e (1 1) 
In Mr. Siemens’s governor there is an arrangement by which a fixed re- 


lation is established between L and z, 
‘ L=—S82z;)) + +“. es aan 


2 24 
a= 2) 29h 4-2 0g, 2 aes 


If the conditions of overflow can be so arranged that the mean square of 


whence 


2 
the velocity, represented by “ is proportional to Q, and if the strength of 


es 
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the spring which determines S is also arranged so that 
2 
= ol ta ee ED 


the equation will become, : 2gh=w'?r?, 


o=n(— wt) + Wna(B 0), Se apasa a are alo) 


which shows that the velocity of rotation and of overflow cannot be con- 
stant unless the velocity of rotation is w. 7 

The condition about the overflow is probably difficult to obtain accurately 
in practice; but very good results have been obtained within a con- 
siderable range of driving-power by a proper adjustment of the spring. If 
the rim is uniform, there will be a maximum velocity for a certain driving- 
power. This seems to be verified by the results given at p. 667 of Mr. 
Siemens’s paper. 

If the flow of the fluid were limited by a hole, there would be a minimum 
velocity instead of a maximum. 

The differential equation which determines the nature of small disturbances 
is in general of the fourth order, but may be reduced to the third by a 
proper choice of the value of the mean overflow. 


Theory of Differential Gearing. 

In some contrivances the main shaft is connected with the governor by 
a wheel or system of wheels which are capable of rotation round an axis, 
which is itself also capable of rotation about the axis of the main shaft. 
These two axes may be at right angles, as in the ordinary system of differ- 
ential bevel wheels; or they may be parallel, as in several contrivances 
adapted to clockwork. 

Let ~ and 7 represent the angular position about each of these axes re- 
spectively, 0 that of the main shaft, and ¢ that of the governor; then 0 
and ¢ are linear functions of and n, and the motion of any point of the 
system can be expressed in terms either of & and y or of 6 and 9. 

Let the velocity of a particle whose mass is m resolved in the direction of 
x be dime dé dn 

pee ae ned We ued) 
with similar expressions for the other coordinate directions, putting suffixes 
2 and 3 to denote the values of p and q for these directions. Then La- 
grange’s equation of motion becomes 


0b + Hon— 2m ( Fe Spe eae ap Hl te tee ae zis) =0, cae ee) 


where 4 and H are the forces tending to increase £ and 7 respectively, no 
force being supposed to be applied at any other point. 
Now putting 
dr=p, & +4, ie a NAAT ge MU oats (EO) 


and d?a ae 
“79 —) ° ° ° ° ° e 4 
dé Ii dt ie at ‘ ( ) 
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the equation becomes t 
dé d ae 
B—Tmp?—- —> 2@ 1 ie wef 
( De ee are + (1 OOP Xing) n= 0; (5) 
_and since oé and dy are independent, the coefficient of each must be zero. 
If we now put 


S(mp?) =L, 3(mpg)=M, 3(mg?)=N, . . . . (6) 


where 


P=PETPs TP ss PI=PN TP tPd, md P=4' +9, +9,5 
the equations of motion will be 


pe dé d? 

B=Ls+Me . © é e ° . . . (7) 
DE one En 

H= age tN aa: e @ e e s . © se (8) 


If the apparatus is so arranged that M=0, then the two motions will be 
independent of each other; and the motions indicated by € and y will be 
about conjugate axes—that is, about axes such that the rotation round one 
of them does not tend to produce a force about the other. 

Now let © be the driving-power of the shaft on the differential system, 
and ® that of the differential system on the governor; then the equation 
of motion becomes. 


_and if 


dt at 
@ oa) + (H —Mo -n£3)n=0, (9) 


ae as 
dn=Ri0+ Sd¢, 7 


and if we put 


L’' =LP’? +2MPR +NR’, é 
M’=LPQ+M(PS +R) +NRS,| (11) 
N’=LQ’? +2MQS +NS’, 
the equations of motion in @ and ¢ will be 
-e4+Pe+QH=L' 29 4 ed 
dt dt” 
(12) 


o4+RE+SH=M < - 2 LN AS 


If M'=0, then the motions in 6 and @ rt be independent of each other. 
If Mis also 0, then we have the relation 
LPQ+NRS=0;  -. «:, « 4s» ee 
and if this is fulfilled, the disturbances of the motion in 6 will have no effect 
on the motion in ¢. _ The teeth of the differential system in gear with the 
‘main shaft end.the governor respectively will then correspond to the 
centres of percussion and rotation of a au mple body, and this relation will 
‘be mutual. ° 
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In such differential systems a constant force, H, sufficient to keep the 
governor in a proper state of efficiency, is applied to the axis , and the 
motion of this axis is made to work a valve or a break on the main shaft 
of the machine. & in this case is merely the friction about the axis of é. 
If the moments of inertia of the different parts of the system are so 
arranged that M’=0, then the disturbance produced by a blow or a jerk 
on the machine will act ipsam aoe on the valve, but will not commu- 
nicate any impulse to the governor. 


II. “ Proceedings of the Council of the Royal Society with refer- 
ence to the undertaking of certain Physical Observations in 
India.’ Communicated to the Society by direction of the Pre- 
sident. 


On the 13th of February 1866, J.S. N. Hennessey, Esq., First Assistant 
on the Trigonometrical Survey of India, addressed a letter to the President, 
in which, after explaining the nature of the calls upon his time occasioned 
by his professional duties, he offered to devote any portion of his leisure 
to such scientific experiments as the President might direct. He stated 
that he was resident at Mussoorie from May to October, residing at Dehra 
during the remainder of the year, from which place, however, he would be 
able to visit Mussoorie occasionally, such as once a week. Mussoorie is a 
hill-station or town, at an altitude above the sea-level of about 6700 feet, 
in lat. 30° 28’ N., and iong. 78° 10’ E. With reference to the climate of 
this place he observes, ‘In September the skies begin to clear, and 
from September 15 to about December 15 there prevails at Mussoorie 
a clearness of atmosphere such as I have never known in my wanderings. 
T mention this period in particular ; but at all times, when the sky is clear 
of clouds, the intensity of the heavenly bodies is something exquisite. I 
have seen Venus distinctly at midday with my unaided eye. It is this 
wonderful transparency of atmosphere to which I would draw particular 
attention.” 

This letter was read to the Council on the 28th of June, and was ordered 
to be printed, and the President was requested to communicate it to such 
men of science as he might see fit, with the view of obtaining suggestions 
with reference thereto. 

The President accordingly communicated the letter to several scientific 
men, accompanied by a request that they would favour him with suggestions 
as to observations which it might seem to them desirable that Mr. 
Hennessey should be requested to take up. Answers were received during 
the recess ; and on the 11th of October a Committee was appointed to draw 
up a report upon Mr. Hennessey’s letter, giving specific indications as to 
the observations in meteorology and with the spectroscope which it might 
be desirable to make. 

Before the Committee presented their report another subject of great 
scientific interest presented itself in connexion with India. On the 17th of 
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August in the present year will occur a total solar eclipse of nearly the 
greatest possible duration. This eclipse will be visible in India, but else- 
where only in parts of the earth which are comparatively uncivilized or 
difficult of access. The subject was accordingly taken into consideration 
- by the Committee; and both objects are embraced in their report, which is 
here appended. 


* Report of the Committee on Mr. Hennessey’s Letter concerning 
Astronomical Observations in India. 


“In making a selection of subjects to which they suggest that Mr. 
Hennessey’s attention might advantageously be directed, the Committee 
have borne in mind that that gentleman’s professional duties necessarily 
occupy the greater partof his time and attention. They have therefore 
abstained from recommending researches which, though desirable in them- 
selves, would require for their successful prosecution that the observer 
should devote his main attention to them, or which, though less laborious, 
are of such a nature as to admit of being equally well carried on elsewhere. 

““§ 1. The determination of the order of brightness of the fixed stars 
by the method of sequences, as described by Sir John Herschel in his Cape 
Observations, is one for which the extraordinary clearness of atmosphere 
described by Mr. Hennessey offers peculiar advantages, and which, losing 
absolutely nothing in value by being taken up in a disconnected manner, is 
eminently suitable for leisure hours. It requires the use of a good star 
map, but noapparatus. The peculiar clearness of atmosphere at Mussoorie 
does not, it is true, extend over a very large part of the year; but by 
making observations sometimes in the early part of the night, sometimes 
towards morning, a large part of the heavens might be brought under 
scrutiny without including stars too near the horizon to give trustworthy 
results—more especially as favourable nights might occasionally occur at 
other times of the year. The time at which the comparison of two stars 
was made should always be noted, in order to render it possible subse- 
quently to make a correction for zenith-distance. 

«* When numerous observations taken on different occasions have been 
compared, should any particular star be found to exhibit unusual discre- 
pancies, giving rise to the suspicion that it might be a periodic star, such 
star would naturally claim special attention, and should be frequently 
observed in comparison with a few selected stars near it in brightness, with 
a view to test its periodicity—and in case of confirmation to determine the 
period, and maximum and minimum brightness. 

«© § 2. It would be well if Mr. Hennessey would also watch the zodiacal 
light, after sunset about the months of April and May, and before sunrise 
at the opposite time of year, with a view to defining its form and extent, 
and also noticing anything which may be held to indicate whether it be 
lenticular or annular. 

«A rough spectroscopic observation of the object, if the light be not 
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too feeble to allow of it, might be valuable, and an examination of the 
light for polarization with a double-image prism. 

**§ 3. The climate of Mussoorie would make actinometric observations 
at that place especially interesting. On account of the fragility of the 
well-known instrument invented by Sir John Herschel, it is proposed to 
employ the actinometer of Mr. Hodgkinson. At least two instruments 
should be provided, which would allow of simultaneous observations at 
different altitudes being taken when the services of a second observer could 
be obtained. It seems desirable, as suggested by Mr. Hodgkinson, that 
an actinometer should be preserved at Kew, to furnish a fixed though 
arbitrary scale for reference, and that the instruments sent out should be 
compared before departure with the Kew standard, and their coefficients 
of reduction to the Kew scale determined. 

“$4. Much attention has recently been bestowed on the atmospheric 
lines of the solar spectrum ; and it appears to be pretty well established 
that they are, partly at least, due to absorption by watery vapour. The 
extreme clearness of atmosphere at Mussoorie would seem to render this 
a desirable subject of investigation at that place, provided a clear view of 
the sun can be obtained, either at rising or at setting, down to the horizon, 
or at least to a very low altitude; and such the Committee are informed 
is the case. 

“ For this purpose the observer should be provided with a spectroscope 
of similar power to that with which Fraunhofer’s or Kirchhoff’s excellent 
map of the spectrum was constructed. It is proposed to take the latter 
as a basis on which to work, but that the observer should confine his at- 
tention, at least in the first instance, to the region extending from the 
extreme red to the line E, The spectrum should first be observed when 
the sun is high, and compared with Kirchhoff’s map. Should any lines 
represented in the map not be found, and should the want not be due to 
inferior spectroscopic power, (which may be judged of by comparing 
neighbouring lines of similar strength with their representation in the map, ) 
such missing lines should be noted as lines probably atmospheric included 
in the map. Then the spectrum should be observed at low altitudes of 
the sun, and the lines seen in addition to those in the map measured and 
drawn. Differential measures referring the additional lines to those repre- 
sented in the map would be sufficient. Any remarkable increase of breadth 
of a line, too great to be accounted for merely as a result of decreasing 
illumination, and proved by direct observation, by weakening the light 
when the sun is high, not to be referable to that cause, should also be 
noted. The lines in the map which were missed when the sun was high 
should now be sought for; for if really atmospheric they would be sure 
now to come out strongly, unless indeed they were produced by exceptional 
atmospheric conditions. The time at which the drawings were made 
should also be noted, from which the sun’s altitude could afterwards be 
calculated if desired; and the hygrometric condition of the air at the 
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time, the direction of the wind, the character of the clouds, and any electric 
discharges which might occur should be mentioned. 

‘In this way we should gradually obtain from independent observation 
a map of the purely terrestrial lines. In the construction of the map much 
~ must be left to the discretion of the observer, as the appearance changes 
rapidly with the varying altitude of the sun. When constructed, the map 
ought to be repeatedly compared with the object, with a view to determine 
whether the system of atmospheric lines be single, or consist of two or 
more systems superposed. Should two gases possessing the power of de- 
finite absorption be present, as it is not likely that they would occur in the 
same proportion on different occasions, and under different conditions of 
weather, the complex character of the atmospheric system, if it be complex, 
would thus probably be in time revealed. The map should also be com- 
pared with the map drawn by Sir David Brewster and Dr. Gladstone, 
from observations made in Poplend and Scotland (Philosophical Transac- 
tions for 1860). 

“§ 5, In connexion with the offer made by Mr. Hennessey, the Com- 
mittee have had under their consideration the subject of the total solar 
eclipse of next year, which will be visible in India. As it will be long 
before equal facilities for observing the phenomena of the totality recur, it 
seems desirable not to lose this opportunity of making some physical ob- 
servations on the phenomenon, which at the present time are of great in- 
terest. Above all, the character of the spectrum of the red protuberances 
may be expected to throw great light on their nature; and it is therefore 
important to be prepared with an instrument for observing their spectrum, 
and that of the corona. It is also important that fresh observations should 
be made on the polarization of the light of these objects. 

‘In order that a sufficient apparent breadth may be given to the red 
protuberances to permit of the convenient observation of any lines by 
which their spectrum may be crossed, it is necessary to use a tolerably 
high magnifying-power; and in order that this may be done with the 
least possible loss of light, a corresponding aperture is required in the 
telescope to be employed. Messrs. Cooke and Sons have on hand a fine 
telescope of 5 inches aperture, mounted as a portable equatorial, furnished 
with clock movement, which may be obtained for a moderate sum; and 
the Committee recommend that this instrument be purchased, with such 
part of the mounting as is required for the observations contemplated, and 
be provided with a star-spectroscope. They understand that Lieutenant 
Herschel, who is now in this country, and is going out to India in the 
course of a few months, would be willing to undertake the observations, 
subject to the approval of Colonel Walker, the Director of the Great Tri- 
gonometrical Survey of India. But as clouds might interfere with the 
observations by the large instrument at the critical moment, the Committee 
think it desirable that three or four’ direct spectroscopes, by which the 
general character of the spectrum might be observed, should be entrusted 
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_ to Colonel Walker to be placed in the hands of observers at different 
stations. | 

«The observation of the polarization would also require the use of a 
telescope, which, however, may be of much smaller size, such as 2 inches 
aperture, and will therefore be comparatively inexpensive. 

«The Committee estimate that the whole cost of the instruments they 
have recommended, for the use both of Mr. Hennessey and of those gentle- 
men who may undertake the observations of the eclipse, will be under £300.” 

This Report was presented to the Council on the 20th of June, 1867. 
The Council adopted the report and requested the Committee to take the 
requisite steps for carrying out their recommendations. They further re- 
solved that application be made to the Government-grant Committee for 
a sum of not exceeding £300 to defray the expenses, and that the Trea- 
surer be authorized to make such advances within that sum as might in the 
meantime be required to enable the Committee to proceed with the work. 

Mr. Huggins kindly undertook to superintend the construction of the 
instruments, and to give instruction in the use of the star-spectroscope to 
the observer who might be selected to observe the spectrum of the red pro- 
tuberances ; and it is mainly owing to Mr. Huggins’s zeal in the cause that 
the instruments have all been got ready within the limited time allowed. 

The following instructions were drawn up for the guidance of the ob- 
servers who might be entrusted with the observations which it was intended 
to make on the occasion of the total solar eclipse :— 


“ Instructions respecting certain observations to be made in India on 
the occasion of the Total Solar Eclipse of 1868, by means of 
Instruments sent out by the Royal Society. 


“$1. Special Objects of the Observations proposed to be made. 


** According to modern opinion, the photosphere of the sun consists of a 
shell of liquid or solid particles, constantly forming by condensation in the 
outer layers of the intensely heated gaseous matter of the sun. When 
nearly the whole of the light from the solar photosphere is screened off by 
the moon during a total solar eclipse, two other, feebler sources of light 
without the sun’s photosphere usually show themselves. One of these is 
in the form of an irregularly bright halo surrounding the sun, and is known 
as the Corona. The other source of light usually presents itself as small 
tongue-shaped flames more or less coloured, which apparently issue forth 
from the solar photosphere. 

«The special object of the observations suggested is to determine, as 
far as may be possible, the physical nature of the ‘ Corona’ and of the 
Red flames.’ 

“To obtain this information it is proposed to analyze the light from 
these sources for polarization, and especially to observe its prismatic spec- 


trum in both eases. 
2n2 
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“Tf these objects are visible by reflecting to us the light of the photo- 
sphere, their spectra would be identical, or nearly so, with the normal solar 
spectrum. If, however, either the ‘corona’ or the ‘red flames’ are self- 
luminous, a supposition which appears not improbable in the case of the 
~ red flames, some information as to their constitution may be expected to 
be given to us by the prism. 


“© § II. Description of Instruments sent out by the Royal Society. 


“The telescope provided for the spectrum-observations has an object- 
glass of five inches aperture. The telescope is mounted on a portable 
equatorial stand, with circles for declination and R. A., divided on silver. 
The stand can be adjusted to any latitude ; and the whole instrument packs 
into three boxes for convenience in travelling. 

“The telescope has a very perfect driving-clock, the rate of which is 
maintained uniform by means of a form of pendulum governor recently in- 
vented by Mr. Cooke, by whom the whole instrument has been specially 
constructed for these observations. A Barlow lens is fitted to the tele- 
scope for the purpose of increasing the size of the image formed by the 
object-glass. The finder is wired in a special manner, and has a diagonal 
eyepiece for convenience in looking from it to the small telescope of the 
spectrum-apparatus attached to the equatorial telescope. 

“The spectroscope, constructed by Messrs. Simms, has one prism of 
dense flint glass, with a reflecting angle of 60°. The instrument is fur- 
nished with a micrometer-screw for measuring the position in the spectrum 
of any lines observed. There is also provided a photographed scale 
illuminated by a small lamp, which can be seen by reflection from the 
second surface of the prism. The positions of lines in the spectra observed 
can be read by means of the reflected image of the divisions of this scale. 

“The slit of the instrument is so constructed that both jaws open 
equally. A cylindrical lens is provided for the observation of stellar 
spectra. The instrument is furnished with a prism and mirror, by means 
of which the spectra of terrestrial flames can be compared directly with 
the spectra of the objects to which the telescope is directed. 

‘‘Four portable hand spectrum-telescopes are provided, by means of 
which it will be possible to determine the general character of the spectra 
of the lights seen about the sun at the time of the eclipse. 

“For the purpose of analyzing *the hght of the ‘corona’ and ‘red 
flames’ for polarization, a second telescope has been procured, of three 
inches aperture. This instrument has altitude and azimuth motions on a 
portable tripod stand. It is furnished with three eyepieces, magnifying 27, 
41, and 98 diameters. By a suitable arrangement of adapters, either of 
the following analyzers can instantly be used either in connexion with eye- 
piece 27 diameters or eyepiece 41 diameters. 

“The first analyzer consists of a double-image prism, and a plate of 
quartz cut perpendicularly to the axis. When polarized light is present 
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in the object viewed, both images become strongly coloured with comple- 
mentary tints. 

«The second analyzer is formed of a Nicol’s prism and a system of quartz 
cut obliquely, known as Savart’s polariscope. 

‘It is almost certain that the light from the objects will be polarized 
in a plane passing through the radius of the sun, if at all; and arrange- 
ments may be made accordingly. Nevertheless, if time permits, a rough 
determination of the plane of polarization, in case the light should prove 
to be more or less polarized, would be desirable. ‘The plane may be deter- 
mined roughly by the first analyzer by noticing the azimuth of the analyzer 
when either image (specifying which) assumes the ‘tint of passage’ (apurple 
in which blue and red are equally balanced),—more accurately by the 
second, by observing the azimuth at which the bands disappear, and stating 
whether on turning in a given direction from this position the bands seen 
are black-centred or white-centred, or, which is better, when the po- 
larization is but slight, by observing the azimuth at which the bands are 
most vivid, and stating the character (black or white) of the central band. 


*$§ III. Instructions as to the general method of the observations to 
be made. 


“i, In order that the observer may acquire the necessary familiarity 
with the use of the spectroscope, it is recommended that he apply himself 
as far as his other engagements may permit, during the time after his arrival 
in India until the period of the eclipse, to a prismatic examination of the 
brightest of the Southern Nebule. 

“The instruments sent out by the Royal Society are in every respect 
suitable and convenient for these observations. The determination of the 
character of the spectra of the more brilliant of the Southern Nebulee would 
be a service for science of very great value. 

«Tt is recommended that the observer provide himself with a list of, say, 
from fifty to a hundred of the brightest of the Nebule the distance of 
which from the north pole prevents an advantageous study of them in the 
latitude of England. From this list the observer would select each night 
the Nebule which, at the time of observation, were situated near the meri- 
dian. The equatorial mounting, with its finely divided circles, would make 
the finding of the Nebule a task of no difficulty. 

“‘The observer should first make a diagram and general description of 
the nebula as it appears in the telescope. The object should next be ex- 
amined with the spectroscope added to the telescope. The telescope should 
then be moved so as to bring in succession upon the slit the different parts 
of the nebula. The wire arranged for that purpose in the finder would 
enable the observer to determine with accuracy the part of the nebula 
under examination. 

‘““At the commencement of the observation the slit should be widely 
open, and the observer should then make it as narrow as the light of the 
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object would permit. In this way the character of the spectrum of each 
portion of the nebula could be recorded in connexion with the description 
of its appearance which had been already made. If the spectrum should 
be discontinuous, the positions of the bright lines should be measured by 
- the micrometer-screw, or by the reflected scale. It is recommended that 
the screw.should be used in preference to the scale whenever it is found 
practicable to do so. 

“For the purpose of obtaining the value of the micrometer-screw and 
of the scale, measures should be frequently taken of the principal lines of 
Fraunhofer. These measures should be taken as near the time when the 
observations are to be made as possible. As a precaution against any 
accidental displacement of any part of the instrument, at the time of ob- 
serving the nebule, a reading should be taken of the sodium line (D of 
Fraunhofer) by means of a small alcohol lamp placed before the object- 
glass of the telescope. 

“A series of observations of the principal Southern Nebulze would be 
of very great value in the present state of our knowledge, and would cer- 
tainly repay the entire cost of the instrument, should bad weather, or some 
unforeseen accident render the primary object, the investigation of the sun, 
impossible. ; 

“The observer should also practise himself with. observing the spectrum 
of the moon, and of a cloud brightly illuminated by the moon, in order to 
become familiar with the appearance of spectra which are continuous, 
except so far as they may be interrupted by dark lines, and which come 
from objects rather deficient in illumination. 

“*i. Instructions for the spectrum-observations of the eclipse. 

“The equatorial telescope should be previously put up accurately in 
position, within a suitable temporary hut or observatory. The clockwork 
is to be adjusted to sun’s apparent motion. The Barlow lens is to be 
employed, and placed within the focus at a distance sufficient to double, 
or nearly so, the diameter of the sun’s image. 

‘‘ Great care must be taken that the finder is in perfect adjustment, so 
that the spectrum of any object brought upon the point of the indicating 
wire may with certainty be visible when the eye is placed to the little 
telescope of the spectrum-apparatus. 

“Tt will be well for the observer to decide previously whether he intends 
to make use of the micrometer-screw, or of the illuminated scale. Still he 
is requested to have the small lamp lighted, and both methods of measuring 
in proper order, so that either could be available instantly during the 
duration of the totality. 

“During the progress of the eclipse, both before and after the totality, 
the observer is to take measures of the lines of Fraunhofer, with the micro- — 
meter, and also with the scale. 

“The measures cbtained of the eclipse, and which have been made in 
the interval between the two sets of observations of the solar lines, can 
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thus be referred to them, and the positions on the spectrum of the lines 
accurately determined relatively to the lines of Fraunhofer. 

« The finder is provided with a diagonal eyepiece, over which a wedge 
of dark glass is made to slide. 

«The observer is expected to watch the progress of the eclipse in the 
finder, moving the wedge of glass as the light of the sun diminishes. 

** As soon as he perceives a ‘red prominence,’ by means of the very 
efficient arrangements provided in the instrument, he is to bring the red 
prominence upon the point of the indicating wire. The observer will then 
see the spectrum of the ‘red flame’ in the little telescope of the spec- 
troscope. 

« At the commencement of the observations the lowest eyepiece should 
be used, and the slit should not be too narrow. 

*“« The observer is first to record the general character of the spectrum, 
whether continuous or discontinuous. 

*‘ Then the principal lines, whether dark or bright, are to be measured 
with as much care as the very limited time will permit. 

*« As the spectrum of the red prominence is compound, and contains the 
spectrum of the light of the portion of corona before it (possibly also to 
some extent of the corona behind it), sufficient time must be left to move 
the instrument so as to bring upon the slit a part of the corona where it is 
brightest. 

** The character of the spectrum must be in a similar manner examined, 
and any lines present measured. 

‘* Of course, if there should be found time to do so, it would be de- 
sirable that several red prominences should be examined, and also light 
from different parts of the corona. The observer, however, is strongly 
recommended to make as complete an analysis as possible of the ‘red 
flame’ first selected. 

“he observer is requested to send in full all the details of the ob- 
servations as they were taken down at the time. 

*¢ A Clerk will be required to write down the results at the moment from 
the dictation of the observer. 

“iii. The use of the portable hand spectrum-telescopes will be obvious. 
The observer has only to direct the instrument to the sun at the moment 
of totality. ‘The instrument should be previously focused to suit the ob- 
server, upon the moon or some distant object. The light of the corona 
and red flames will be dispersed into its component colours. It will be 
easily detected whether the spectra of the corona and of the red flames are 
continuous, or consist of bright lines. The four instruments should be 
placed in the hands of observers stationed at different places along, or 
nearly along, the central line of the eclipse. 

‘“‘iv. Observations for polarized light in the corona and ‘red flames.’ 

** A distinct observer is required for these observations. He should be 
familiar with the telescope and its motions. 
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“A small observing-hut, or temporary place of shelter, would be pro- 
bably necessary. 

“Tt is recommended that the eyepiece magnifying twenty-seven dine 
meters be used. 

“The observer should fix upon the eye-end of the telescope a disk of 
cardboard some 12 or 15 inches diameter, which, near the edge, may be 
roughly divided by a few large figures, which can be easily read in the 
feeble light which prevails during the totality. To the small tubes carry- 
ing the analyzing prisms a long index of card should be attached. In 
this way the plane of polarization may be read off notwithstanding the 
feebleness of the light. 

** With a dark HRs the observer is to watch the progress of the ae: 
until the whole of the sun is obscured. The dark glass is then to be re- 
moved, and the corona and red flames observed for traces of polarized light. 

“« There are two analyzers provided. 

“« The observer is to use first the double-image prism and plate of quartz. 
A slight degree of polarization will show itself by a difference of colour in 
the two images. 

«An attempt should then be made to determine approximately the 
plane in which the light is polarized. 

“If polarization is detected in the ‘corona,’ or in any prominence of 
large extent, the second analyzer may probably be employed with advyan- 
tage. This consists of a Nicol’s prism and a compound plate of quartz, 
showing Savart’s bands. By means of these bands, the plane of polariza- 
tion of the light analyzed may be easily obtained.” 


The observation of the spectra of the corona and red protuberances 
being one of considerable delicacy, it was highly desirable that the ob- 
server should have some previous training in this country, while, on the 
other hand, to send such an observer on purpose would involve consider- 
able expense. It fortunately happened that Lieut. J. Herschel was at the 
time in this country, and was about to return to India in November 1867, 
to resume his duties in connexion with the great Trigonometrical Survey 
of that country. Mr. Herschel took a lively interest in the subject, and at 
once, on being applied to, undertook the observations which were to be 
made with the large telescope furnished with the spectroscope, subject to 
the approval of Colonel Walker, Director of the Survey. This approval 
was readily given, as will appear from the following letter :— 


** Colonel Walker to General Sabine, August 17th. 


“« Debra Doon, via Bombay, 
17th August, 1867. 


«My pear S1r,—I have to acknowledge your letter of the 30th June, 
forwarding a copy of the Report of the Committee appointed by the 
President and Council of the Royal Society, to take into consideration 
Mr. Hennessey’s letter of the 13th February, 1866. 
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«J learn with satisfaction that the President and Council have decided 
on purchasing a telescope equatorially mounted, and furnished with clock- 
movement and a star spectroscope, to be employed in a close examination 
of the physical phenomena which may be observable during the solar 
eclipse of next year—also that other instruments are to be provided, to 
enable Mr. Hennessey to undertake the researches which he is willing to 
devote himself to in his brief intervals of leisure from the professional 
duties which necessarily occupy the greater part of his time and attention. 

*“« T am glad to find that my assistant, Lieutenant Herschel, has placed 
himself in communication with the Committee, and will receive the fullest 
instruction as to the employment of the instruments. 

“* Tt will be a pleasure to me to do all in my power to carry out your 
wishes. I expect little or no difficulty in the practical arrangements re- 
garding the eclipse; for it will fortunately happen during the recess season, 
when our officers can be more easily spared from their professional duties 
than at any other time of the year. 

“T remain, with sincere regard, faithfully yours, 
(Signed) “J.C. WALKER.” 


The instruments, both those for Mr. Hennessey and those intended to 
be used on the occasion of the total solar eclipse, were ready in time to be 
Sent out under the care of Mr. Herschel; and the following letter to the 
Secretary, recently received from him, announces their safe arrival :— 


“ Bangalore, Jan. 23rd, 1868. 

“ Dear Sir,—I fear I have hardly done right in delaying so long to 
inform you of the safe arrival of the instruments entrusted to me by the 
Royal Society. 

“‘ My present occupations absolutely forbid my endeavouring to enter 
into details; and it is only from a strong feeling that at least so much 
should be said that I sit down to write at all, at a time when scarcely a 
moment is my own. 

“J have made myself tolerably familiar with the equatorial and spec- 
troscope, and with the appearance of solar, lunar, and stellar spectra, and 
on one or two occasions have attempted to obtain a view of a nebular spec- 
trum—with tolerable success I believe; but hitherto, whatever time and 
epportunity, and, I may add, energy, have been available, have been devoted 
to preliminary examination and manipulation rather than actual employ- 
ment of the instrumental means. In some respects this has been very 
necessary, as the parts, never having been employed together, were not at 
first capable of being connected, &c. 

«The next two months will be fully occupied by the work in which I 
am now taking a part—the measurement of a Base-line; and I cannot 
devote more than an occasional half hour to the employment of the 
Society’s instruments. 

“ After that, however, I shall have more leisure ; and having full permis- 
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sion to regard the eclipse-observations as a principal subject of attention, 
I shall have no excuse for not prosecuting preliminary arrangements, and 
for not forwarding fuller information of my success or otherwise. 


“« T am, Sir, yours very truly, 


“« J. HERSCHEL.” 


March 12, 1868. : 


Dr. WILLIAM ALLEN MILLER, Treasurer and Vice-President, 
in the Chair. 


The following communications were read :— 


I. ‘Notes on the Chemical Geology of the Gold-fields of 
California.” By J. ArrHur Puintirs. Communicated by 
Prof. A. C. Ramsay. Received February 22, 1868. 


(Abstract.) 


Rocks of the Gold-Regions of California.—The great sedimentary me- 
tallic belt of California lies on the western slope of the Sierra Nevada, be- 
ginning in the neighbourhood of the Tejou Pass, and extending through 
the state to its northern limit. In consequence, however, of various local 
circumstances, different portions of this band are of very unequal impor- 
tance as gold-producing districts. 

The slates of the auriferous belt have been shown by Professor Whitney 
to belong, for a great extent, to the Jurassic period, although the occur- 
rence of numerous Triassic fossils in the gold-bearmg rocks of Plumas 
County and elsewhere renders it more than probable that no inconsider- 
able portion of the slates in the heart of the gold region are of that age. 

The rock constituting the principal mass of the Sierra Nevada is a 
granite containing only a small proportion of quartz, and in which but one 
species of felspar (cligoclase) is generally found. 

Lying between the band of metamorphic slates and the great central 
mass of granite forming the more elevated portions of the chain, are 
found various crystalline rocks, such as syenites, diorites, and porphyries. 

Quartz Veins.—The matrix or gangue of the auriferous veins of Cali- 
fornia is invariably quartz, which is generally crystalline in its structure, 
or partially vitreous and semitransparent. In the majority of cases the 
quartz constituting an auriferous veinstone is ribboned in such a way as 
to form a succession of layers parallel with the walls of the iode itself; and 
some one or more of these lamine are not untrequently far more produc- 
tive than all the others. In some instances these parallel bands are sepa- 
rated from each other by a thin layer of quartz, slightly differing, either in 
colour cr structure, from that forming the seams themselves; or they may 
be only distinguished by a difference of colour of two adjoining members 
of the series. 
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In many cases, however, lamine of the enclosing slates divide the vein 
into distinct bands ; and in such instances it will be observed that the thick- 
ness of the interposed fragments of slate is sometimes not greater than 
that of a sheet of the thinnest paper. Cavities or druses containing 
crystals of quartz occur in all the auriferous veins of the country ; and a 
certain amount of crystallization may also not unfrequently be remarked 
along the lines of junction of the several bands of which a vein is composed. 
In addition to ordinary quartz, in a more or less crystalline form, amor- 
phous hydrated silica, or semiopal, and chalcedony are occasionally met 
with : in some instances the opal is interfoliated between layers of true 
quartz, and is sufficiently auriferous to repay the expenses of treatment. 

The metallic minerals enclosed in the gangue of auriferous veins are 
ordinary iron pyrites, blende, and galena, and, less frequently, arsenical 
pyrites, magnetic and copper pyrites, and cinnabar. These sulphides 
invariably contain gold; and veins in which some one or more of them 
does not occur, in considerable amounts, are not regularly and lastingly 
productive. 

Near the surface the iron pyrites and other sulphides become decom- 
posed by the action of air and the percolation of meteoric water through 
the mass, staining the quartz of a red or brown colour, and leaving the 
gold in a free state. Under such circumstances numerous cubical moulds 
of iron pyrites are found in the veinstone ; and although this mineral has 
been entirely removed by chemical action, the cavities left contain finely 
divided gold, obviously liberated by the decomposition of pyrites. 

Beneath the line of natural drainage of the country the sulphides remain 
undecomposed ; but if rock containing pyrites be placed in nitric acid the 
sulphide becomes dissolved, and finely divided, crystalline, or filiform 
gold will partially occupy the resulting cavities. 

In one of the detrital beds in the vicinity of the village of Volcano in 
the County of Amador, and elsewhere, distinctly marked quartz veins 
may be observed cutting through the gravel, and evidently formed by the 
action of water holding silica in solution. 

Attention has also been recently directed to bands of auriferous slate 
found in the copper-bearing belt west of the main gold-belt of the State, 
and in the foot hills of the Sierra. In this locality the gold, instead of 
being obtained from a well-defined vein, chiefly composed of ordinary 
quartz, is enclosed in a band of siliceous slaty rock, extending north-west 
and south-east, and dipping in conformity with the other strata of the 
district. 

The number of fluid-cavities contained in the veinstones of the auriferous 
lodes of California is seen under the microscope to be exceedingly limited ; 
and in order to obtain sections affording good examples, even of small size, 
it is necessary to select such bands as may be more than ordinarily crys- 
talline, or to operate on thin fragments of crystals sometimes found 
lining the interior of drusy cavities. In the more opaque and generally 
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most auriferous portions of veins, the cavities are numerous but exceedingly 
small, and are often so opaque, apparently rendered so by being internally 
coated with a lining of clay, that no vacuities can be distinguished. 

Out of more than fifty sections of veinstone examined, only some six 
‘or seven were found to contain fluid-cavities of sufficient size to admit of 
any attempt at accurate measurement by means of ordinary appliances ; 
but in all cases there appeared to be considerable differences in the rela- 
tive dimensions of the vacuities and the enclosing cavities, and the tem- 
peratures at which they severally became filled were consequently ascer- 
tained by direct experiment. In every instance they were found to require 
very different degrees of heat to become full, since in the same specimens 
some of the vacuities disappeared at 180° Fahr., others filled at tempera- 
tures slightly above that of boiling water, whilst many, though much re- 
duced in size, remained perfectly visible at 365° Fahr. 

Alluvial Deposits.— Although a very large amount of the gold annually 
obtained was no doubt originally derived from auriferous veins, net more 
than about one-third of the precious metal collected is procured directly 
from that source. The larger proportion of the gold now brought into 
the market is derived from alluvial diggings, in which it is separated by 
washing from the clay, sand, and gravel with which it is associated. 

This gold-bearing drift belongs to at least two distinct geological epochs, 
both comparatively modern—although the latter period is distinctly sepa- 
rated from the earlier, its materials being chiefly derived from the disinte- 
gration and redistribution cf the older deposits. 

In California the more ancient deposits or “‘ deep placers’’ are referable 
to a river-system different from that which now exists, flowing at a higher 
level, and frequently nearly at right angles to the direction of the main 
valleys of the present period. 

The deep placers are in many localities covered by a thick capping of 
lava; and the eruptive matter covering them often occurs in the form of 
basaltic columns, beneath which are found the layers of sand, gravel, and 
boulders with which the gold is associated. The wood which occurs in 
these gravel-beds is either beautifully silicified, or is replaced by iron 
pyrites. 

In the more clayey strata of these deposits leaf-beds and impressions of 
leaves are not unfrequently found; and an examination of these made by 
Dr. Newberry authorizes the conclusion that the auriferous deposits lying 
beneath the lava are of tertiary age, and that they probably belong to the 
later Pliocene epoch. Water-worn gold is disseminated throughout the 
whole mass of these deposits, not, however, with uniformity, but always in 
greater abundance near the bottom, and more particularly in direct contact 
with the ‘bed rock,” which is invariably grooved and worn by the action 
of water. 

The materials of which these deep placers are composed are frequently 
consolidated into a sort of hard concrete, by being firmly bound together 


1868. | Geology of the Gold-fields of California. 297 


by crystalline iron pyrites ; and sometimes this cementing material consists 
either of carbonate of lime or silica. The silica is rarely met with in a 
crystalline form ; but near Kenebeck Hill a cavity, resulting from the junc- 
tion of several pebbles, was found completely lined with well-defined crystals 
of quartz. These did not show, under the microscope, the usual fluid- 
cavities of quartz of the ordinary quartz veins of the country. 

Where the cementing material of the conglomerate chiefly consists of 
pyrites, the enclosed trunks of trees are usually replaced by that mineral, 
although, of two pieces of wood lying in close proximity to each other, 
one may have become silicified, whilst the other is replaced by iron 
pyrites. 

The assay of several specimens of the cementing pyrites showed that it 
invariably contained a certain but very variable amount of gold. In 
order to ascertain whether this exists in the form of water-worn grains 
mechanically enclosed within the sulphide, or in the form of spongy, crys- 
talline, and filamentary particles, similar to those met with in the pyrites 
of auriferous veins, various samples were dissolved in nitric acid, and 
the residues afterwards subjected to microscopical examination. In this 
way granules of the precious metal, which had evidently been worn by the 
action of water, were detected, whilst others appeared not to have been 
subjected to such attrition. Mr. Ulrich states that in the gold-drifts of 
Australia pyrites is often found replacing roots and driftwood, and that 
samples have, on assay, yielded from a few pennyweights to several ounces 
of gold per ton. 

Hot Springs.—Hot and boiling springs are exceedingly numerous 
throughout California; and considerable accumulations of sulphur, to- 
gether with evidences of extensive solfatara action, are met with in different 
sections of the State. 

The most remarkable instance on the Pacific coast of the actual growth, 
on a large scale, and at the present time, of mineral veins is probably that 
afforded by the boiling springs in Steamboat Valley, about seven miles 
north-west of the great Comstock silver vein in the State of Nevada. 

These springs are situated at a height of about 5000 feet above the 
level of the sea, at the foot of the eastern declivity of the Sierra Nevada. 
The rock in this locality presents several straight and parallel fissures, 
either giving out heated water or simply ejecting steam. ‘The first group 
of crevices comprises five longitudinal springs extending in a straight line, 
and parallel to each other, for a distance of above 3000 feet. These 
fissures are partially filled by a siliceous incrustation, which is being con- 
stautly deposited on the sides, whilst a longitudinal central crevice allows 
of the escape of boiling water or steam. On the most eastern of these 
lmes of fracture are five active centres of eruption, from which boiling 
water is sometimes ejected by the force of steam to a height of from 8 to 
10 feet. These waters are alkaline, and contain, in addition to carbonate 
of soda, the sulphate of that base, together with chloride of sodium. 
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There is also everywhere an escape of carbonic acid, whilst from some 
places sulphuretted hydrogen is also evolved. These products, on arriving 
at the surface, give rise to the deposition of sulphur, silica, and anhydrous 
oxide of iron. The silica and oxide of iron form semicrystalline bands 
parallel with the walls of the fissures; and spongy deposits accumulate 
around some of the points of most active emergence. 

At a considerable distance to the west of those above described, a fissure 
having the same origin is observed ; but this is no longer traversed by 
currents of hot water, although it still gives off steam and carbonie acid 
at various points throughout its extent. Atits northern extremity a central 
fissure still remains open ; but in other localities it is, for the most part, ob- 
structed by siliceous concretious. ‘This siliceous rock is metalliferous, and, 
in addition to oxide of iron and manganese, contains iron and copper py- 
rites. M. Laur states that he also discovered metallic gold in this deposit. 

The rock enclosing the veins of Steamboat springs is granite, which in 
their vicinity is much decomposed, being often reduced to a cavernous 
skeleton of silica containing a few scales of mica. 

Alkaline Lakes.—In that portion of California lying on the east of the 
Sierra Nevada are Mono Lake and Owen’s Lake, both considerable sheets 
of water, highly impregnated with alkaline salts. Owen’s Lake lies in lat. 
36°20" south, long. 118° west from Greenwich, and is about twenty miles 
in length and eight in width. 

The waters of this lake have a specific gravity of 1:076, and contain 
7128°24 ers. of solid matter per gallon. The salts held in solution are 
chiefly carbonate and sulphate of soda, with chloride of sodium; but 
potash, silica, and phosphoric acid are also present. 

The incrustations, which at certain seasons of the year are found to 
the extent of many hundreds of tons, consist of a white spongy efflo- 
rescence, and are, as will be seen from the results of the analysis given in 
the paper, chiefly composed of carbonate of soda, mixed with a little chlo- 
ride of sodium and sulphate of soda. 

General deductions.—The author remarks that, in the present state of 
our knowledge, the results of a careful examination of the gold-regions of 
the Pacific coast would appear to lead to the following conclusions :— 

a. Quartz veins have generally been produced by the slow deposi- 
tion from aqueous solutions of silica on the surfaces of the enclosing 
fissures. 

6. From the general parallelism with its walls of the planes of any frag- 
ments of the enclosing rock which may have become imbedded in a vein, 
it is to be inferred that they were mechanically removed by the growth of 
the several layers to which they adhered, and that a subsequent deposition 
of quartz took place between them and the rock from which they had 
become detached. In this way were introduced the masses of rock known 
as “ horses.” 

ce. The formation of quartz veins is due to hydrothermal agencies, of 
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which evidences are still to be found in the hot springs and recent metal- 
liferous veins met with in various parts of the Pacific coast. 

d. From the variable temperatures at which the vacuities in their fluid- 
cavities become filled, it may be inferred that they are the result of an in- 
termittent action, and that the fissures were sometimes traversed by cur- 
rents of hot water, whilst at others they gave off aqueous vapour or 
gaseous exhalations. This is precisely what is now taking place at Steam- 
boat springs, where the formation of a vein is in progress, and from which 
currents of boiling water are often poured forth, whilst at other times the 
fissures give off currents of steam and heated gases only. 

e. That gold may be deposited from the same solutions which give rise 
to the formation of the enclosing quartz, appears evident from the presence 
of that metal in pyrites enclosed in siliceous incrustations, as well as from 
the fact of large quantities of gold having been found in the interior of the 
stems of trees, which in deep diggings are often converted into pyrites. 

jf. The constant presence of iron pyrites in auriferous veins, and when 
so occurring its invariably containing a certain amount of gold, suggests the 
probability of this sulphide being in some way necessarily connected with 
the solvent by which the precious metal was held in solution. It has been 
shown that finely divided gold is soluble in the sesquichloride of iron and, 
more sparingly, in the sesquisulphate of that metal. Itis also well known 
that iron pyrites sometimes results from the action of reducing agents on 
the sulphates of that metal. If therefore sulphate of iron, in a solution 
containing gold, should become transformed by the action of a reducing 
agent into pyrites, the gold, at the same time being reduced to the me- 
tallic state, would probably be found enclosed in the resulting crystals of 
that mineral. 

'g. The silica and other substances forming the cementing material of 
the ancient auriferous river-beds have probably been slowly deposited at a 
low temperature. 

The connexion existing between the decomposition of granite by the 
agency of boiling springs, the existence of alkaline plains, and the for- 
mationo f lakes containing various salts of soda and potash, is too ob- 
vious to require comment. 


Il. “Third Supplementary Paper on the Calculation of the Nu- 
merical Value of Huler’s Constant.” By Witiiam SHANKs. 
Communicated by the Rev. B. Pricz. Received February 29, 
1868. 


When x=5000, we have 

Ltd+3+ orto = 
9°09450 88529 84436 96726 12455 33393 43939 17829 
87811 30384 14506 16283 86638 30530 78016 46808 
46902 09226 85495 77084+ 
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E='57721 56649 01532 86060 65120 90082 40243 10421 59335 
93995 35988 05773 14949 71379 78029 07030 (last term is 
By, 
+ 39,5000") 

Comparing the values of E obtained from taking »=500, 1000, 2000 
(given in former papers), and 5000 (given in this), and assuming that the 
increase in the several values of E obtainable from taking z higher num- 
bers will be nearly constant, we may conjecture that the value of the 60th 
decimal last found in E will be increased 1 by taking »=5000.4; the 
59th place will be increased 1 by taking »=5000 .4"°; inlike manner the 
58th decimal will be increased 1 by taking »=5000.4"°, and the 57th 
also 1 when n=5000 . 4”. 

It is certain, however, that when z is very large we may, numerically 


speaking, express E pretty nearly by Sx—log, 2; and indeed when 7 be- 
comes infinite, the formula 


SE oral Bere 
E=Sn— log.n oi oan &e. 


1 
2 
becomes K=Sn—log.n, as given by Professor Price in his ‘ Infinitesimal 
Calculus.’ 
In the value of E last found, then, we deem it probable that at least 56 
decimals will remain unchanged, whatever high values be given ton. 


March 19, 1868. 
JOHN PETER GASSIOT, Esq., Vice-President, in the Chair. 


Prof. Theodor Ludwig Wilhelm Bischoff of Munich, Rudolph Julius 
Emmanuel Clausiuvs of Wurzburg, Hugo von Mohl of Tibingen, and 
Samuel Heinrich Schwabe of Dessau, were proposed for election as Foreign 
Members; and notice was given from the Chair that these gentlemen 
would be ballotted for at the next meeting. 


The following communications were read :— 


I. “Transformation of the Aromatic Monamines into Acids richer 
in Carbon.—II. On Menaphthoxylic Acid, the Naphthaline- 
term corresponding to Benzoic Acid.” By A. W. Hormann, 
LL.D., F.R.S. Received March 4, 1868. 


In a paper communicated to the Royal Society* about a year ago, I 
pointed out the existence of an acid holding to naphthaline the same re- 
lations which obtain between benzoic acid and the hydrocarbon benzole. 
I have since prepared this compound on a somewhat larger scale, and I 
beg now to submit to the Royal Society some of the results which I have 
obtained in its examination. 

The material used in preparing the new acid is naphthylamine, the mon- — 


* Proceedings of the Royal Society, vol. xv. p. 335. 
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amine of the naphthyl series. This substance, presenting an exclusively 
scientific interest but a few years ago, is now produced on an industrial 
scale. It is more especially a beautifully crystallized yellow colouring- 
matter (Manchestery ellow), the dinitronaphthylic acid, discovered and 
first employed as a dye by Dr. Martius, which is largely manufactured 
from naphthylamine. The base occurring in commerce is far from being 
pure. It is generally met with as a brown fused mass, containing more 
_ or less resinous matter and, more particularly, a considerable amount of 
naphthaline. The purification of the commercial product presents some 
difficulties; still tolerable crystals may be obtained by crystallization 
from petroleum. 

For the object I had in view it was unnecessary to purify the naphthyl- 
amine of commerce. The base was mixed with powdered oxalic acid in 
such proportions as to produce the primary oxalate with an excess of free 
oxalic acid. Four parts of naphthylamine and five parts of crystallized oxalic 
acid were found to yield very satisfactory results. The operation had to 
be performed upon rather a large scale. After some trials, a cyanide-of- 
potassium pot, provided with a cover and bent tube, proved to be the most 
convenient apparatus for distilling the mixture. At the commencement of 
the operation water and naphthaline were evolved; soon, however, an oily 
liquid appeared, solidifying on cooling, and consisting of a mixture of naph- 
thylformamide, naphthyloxamide, oxalate of naphthylamine, naphthylamine, 
and naphthaline. This distillate was transferred to one of the large two- 
necked stone-ware bottles which are used for condensing nitric acid, mixed 
with concentrated hydrochloric acid, and submitted to the action of a power- 
ful current of steam, care being taken to condense the steam by a spiral sur- 
rounded with water. ‘Together with the water large quantities of a dark- 
brown, almost opaque oil, heavier than water, were thus obtained. For 
this oil, which a more minute examination proved to be the compound I 
was endeavouring to prepare, I propose, in accordance with its composi- 
tion, the name of cyanide of naphthyl. It still contained appreciable 
quantities of naphthaline. In the main, however, the reaction had taken 
place exactly in the same manner as in the case of aniline and toluidine, 
the deportment of which I have described in my previous paper*. 

In the first place, the primary oxalate of naphthylamine had been con- 
verted into naphtylformamide, 

(C, 0,)" C,H C HO 
Ds bo, fe = Corel N + HO. CO, 
2 H H 
which, losing one molecule of water, had in the second stage of the opera- 
tion furnished cyanide of naphthyl, 


Cc HO 
Cer WN = CHO N 4 HO, 
ia 


* Loe, cit. p. 386-388, 
VOL. XVI. 25 
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The purification of the crude product presented no difficulty. The oil 
was separated from the water by ether, and, after the ether had been eva- 
porated, submitted to distillation. Between 218° and 220° the therme- 
meter became stationary ; the fraction distillimg at that temperature solidi- 
‘fied on cooling, and exhibited the boiling-point, fusing-point, and the other 
properties of naphthaline. The thermometer then rose rapidly to 290°, and 
the whole liguid had distilled before the thermometer reached 300°. The 
liquid distilling between 290° and 300° was of a light-yellow colour, and 
of a peculiar aromatic odour; after standing for twenty-four hours in a 
cold room, it likewise solidified to a crystalline mass. On immersion in 
a frigorific mixture, solidification immediately took place; once solidified, 
the compound no longer liquefied at the ordinary temperature. The new 
compound thus obtained is easily soluble in aleohol; the crystals which 
on evaporation separate from this solution are absolutely pure. Onadding 
water to the alcoholic solution the body separates as an oil, which after a 
few moments solidifies to a confused mass of crystals. These crystals fuse 
at 33°°5; fused and resolidified, the substance is heavier than water; its 
boiling-point is 296°°5 (corr.). 

The new compound represents in the naphthyl-series the benzonitrile in 
the benzoic series. Its composition, as has already been pointed out in the 
equation exhibiting its formation, is represented by the formula 

CN: 

On dissolving the nitrile in an alcoholic solution of soda, comparatively 
little ammonia is disengaged ; but addition of water to the solution shows 
at once that the nitrile has undergone transformation. The crystals which 
are precipitated are far less fusible and soluble than the nitrile. By one or 
two recrystallizations from boiling alcohol they are obtained in a state of 
perfect purity. Thus prepared they are fine white needles, fusing at 244° 
(corr.), and subliming at a high temperature. Analysis has proved these 
crystals to have the composition 


C,, Bo NO] 7G, AN 3+ gO} 
thus showing that they are the amide corresponding to the niérile, from 
which they are derived by the accession of 1 molecule of water. 
I have mentioned that the transformation of the nitrile into the amide is 
attended by an evolution of ammonia. This evolution is obviously due 
to the further change of the amide. Assimilating a second molecule 


of water, this substance gives rise to the formation of an ammonium- 
salt, 


Cr Hi, N Ut H,O = C, ey NO, = Candy (a, N) O., 
which in its turn is converted into the sodium compound with evolution of 
ammonia. Indeed, on adding hydrochloric acid to the alkaline solution, an 


abundant precipitate of a beautifully crystalline acid is obtained, the pro- 
perties of which strongly resemble those of benzoic acid. It is scarcely 
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necessary to state that the difficultly soluble amide, when submitted to the 
protracted action of boiling soda, is ultimately entirely converted into the 
new acid. 

Of the three substances mentioned, the acid is by far the most interest- 
ing, forming as it does the starting-point of a new group of compounds, the 
number and variety of which can scarcely be inferior to that of benzoic 
acid. It thus became desirable to prepare the acid on a larger scale. For 
this purpose it was not necessary to employ the nitrile or the amide in a 
state of perfect purity. The crude nitrile had simply to be boiled for some 
time with alcoholic soda, care being taken to condense the vapours, so as not 
to lose any nitrile by evaporation. When ammonia was no longer evolved the 
alcohol was boiled off, and the alkaline liquid filtered after cooling, whereby 
small quantities of naphthylamine were separated. The brown liquid, when 
decomposed by hydrochloric acid, furnished an abundant curdy precipitate, 
consisting of the new acid. It was washed with cold water and recrystal- 
lized partly from boiling water (in which it is very sparingly soluble), partly 
from hot alcohol (by which it is copiously dissolved). Thus purified, the 
new acid presents itself in the form of white needles, which fuse at 160° C. 
Fused and resolidified, the new compound is heavier than water. When 
heated beyond its fusing-point the new acid sublimes. The boiling-point 
is considerably above 300°. The acid is nearly inodorous and tasteless ; 
when heated it feebly evolves the odour of naphthaline; its vapour, like 
that of benzoic acid, irritates the respiratory organs. The solutions of this 
acid have a distinct action upon litmus-paper, and decompose with facility 
{more especially on heating) the alkaline carbonates. 

In accordance with a principle of nomenclature which I proposed 
some time ago, I will designate the new acid by the name menaphthoxylic 
or naphthaline-carboxylic acid. In this case the amide receives the name 
menaphthoxylamide, the nitrile that of menaphtheny!nitrile. 

I may be permitted briefly to mention some of the observations which, 
in studying the new compound, I have already been able to collect. 

It has been stated that the nitrile fixes water with facility. It could not 
be doubtful that in like manner it would also combine with sulphuretted 
hydrogen. Indeed, when dissolved in alcoholic sulphide of ammonium, 
and exposed for some hours to a temperature of 100°, the nitrile absorbs 
one molecule of hydrosulphuriec acid, being converted into a beautifully 
crystalline body, easily soluble in alcohol, which fuses at 126°, and has the 
composition 

Cre Nis) C2 Ee Nie? ELS. 

This substance is menaphthosulphylamide, corresponding to thioben- 
zamide, the sulphuretted derivative of benzonitrile discovered by M. 
Cahours. 

I have examined menaphthoxylic acid somewhat in detail. Like benzoic 
acid, to which it has a strongly marked family resemblance, it is a mono- 
basic acid. The silver-salt is a white, scarcely crystalline precipitate, 

242 
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nearly insoluble in water, which is obtained when the ammonium-salt is de- 
composed by nitrate of silver. Its composition is 
C,, H, Ag O,. 
_ The éarium- and calcium-salts are crystalline compounds, difficultly 
soluble in water, easily obtained by double decomposition, and purified by 
crystallization from boiling water. 

The barium-salt forms white needles which, when dried iz vacuo, exhibit 
the composition 

C,, H, p.1 O, 
cH Ba o:} + 43,0. 
At 110° the salt loses its water. 
The calcium-salt also crystallizes in needles. The analysis of the vacuum- 
dry salt led to the formula 
C,,H 
Or del 
At 110° the salt becomes anhydrous. 

The copper-salt and the lead-salt are respectively green and white pre- 
cipitates. 

Highly characteristic is the deportment of the acid when it is submitted 
to the action of caustic baryta. Faithful to the traditions of benzoic acid, 
menaphthoxylic acid splits into carbonic acid and naphthaline, 

Ci, H, 0, a cr, H, an CO.. 
The naphthaline thus obtained possesses the fusing-point, and the properties 
in general of the hydrocarbon formed in the distillation of coal. 

Menaphthoxalate of calcium, when submitted to the action of heat, yields 
an aromatic distillate which gradually solidifies to a crystalline mass, pro- 
bably the ketone of the series. 

Nitric acid gives rise to the formation of a beautiful nitro-acid; when 
boiled with very concentrated acid, menaphthoxylic acid is transformed into 
a difficultly soluble crystalline compound which is no longer acid. 

Some experiments on the chloride corresponding to the acid, and some 
of the derivatives of the chloride, may still be briefly here recorded. 

On mixing four parts of menaphthoxylic acid (fused and powdered after 
solidification) with five parts of pentachloride of phosphorus, the two com- 
pounds begin to act upon each other at the common temperature. The 
mixture becomes liquid, and disengages, when gently heated, abundant 
quantities of hydrochloric acid and oxychloride of phosphorus. The boil- 
ing-point of the liquid rapidly rises to 300° What distils between 296° 
and 298° is the pure chloride of menaphthoxylic acid, the boiling-point of 
which is pretty accurately 297°°5. Menaphthoxylic chloride is a liquid at 
the common, a solid at low temperature; it has the composition 

C,, H, 0 Cl, 
and exhibits the deportment of the aromatic chlorides in general. When 
exposed to the atmosphere it absorbs moisture, being gradually transformed - 


7 1 O, 
Ca o} + OO! 


2 
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into menaphthoxylic and hydrochloric acids. Addition of water produces 
this effect instantaneously. 
_ Incontact with ammonia the chloride is converted into menaphthoxylamide, 
with all the properties of the compound generated by the action of alco- 
holic soda upon the nitrile. 

The action of aniline upon the chloride gives rise to the formation of 
menaphthoxylphenylamide, 


C,, H, O 
C,,H,,NO = O©,H, N, 
H. 


white crystals, insoluble in water, readily soluble in alcohol, easily puri- 
fied by crystallization. Their fusing-point is 160°. 

When aniline is replaced by naphthylamine, the corresponding naphth- 
ylated compound, menaphtkoxrylnaphthylamide, is produced, 


C,,H,0 
Cele N OF) Oyen" N, 
HH 


crystalline powder, insoluble in water and benzole, difficultly soluble in 
alcohol. It fuses at 244° (corr.). 

On treating menaphthoxylic chloride with absolute alcohol, the ethy/- 
ether of menaphthorylic acid is formed, 

— ©, H,0 
C,; H,, O, irae C, H, } O, 
aromatic liquid, insoluble in water, boiling at 309° (corr.). 

I have also prepared the anhydride of menaphthoxylic acid by submitting, 
according to Gerhardt’s method, the chloride to the action of a menaph- 
thoxylate. For this purpose the calcium-salt, dried at 110°, was mixed 
with an equivalent quantity of the chloride, and maintained for some time 
at 140°; it is insoluble in water, difficultly soluble in alcohol, and easily 
soluble in ether and benzol. 

In conclusion, I beg to express my thanks to Mr. Cornelius O’Sullivan 
for the zealous assistance which he has given me in performing these 
experiments. 


Since in my first communication to the Royal Society I pointed out the 
existence of menaphthoxylic acid, this substance has been produced by 
another reaction which appears to be more advantageous than the process 
described in the preceding paper. By distilling a sulphonaphthylate with 
cyanide of potassium, M. V. Merz* has obtained an oil possessing the 
composition and the properties of the cyanide of naphthyl as obtained by 
treating naphthylamine with oxalic acid, 


C,,H,KSO, + KCN = K,SO, + C,,H,CN. 
As far as I can judge from the statements published by M. Merz, I con- 
* Zeitschrift fur Chemie, 1868, p. 133. 
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sider the two substances identical. Treated with hydrate of potassium, 
this nitrile is converted into an acid which M. Merz describes under the 
name of naphthaline-carboxylic acid. The opinion expressed by this 
chemist, that his acid might be identical with the one observed by myself, 
‘I am inclined to adopt, although there are still some few discrepancies in 
our observations to be elucidated. M. Merz states that the fusing-point 
of his acid is at 140°, whilst the acid examined by myself fuses at 
160°. In order to remove, if possible, this discrepancy, I have, since 
I saw M. Merz’s paper, again and repeatedly taken the fusing-point of 
menaphthoxylic acid, but always with the same result. Possibly the fusing- 
point of the acid prepared by means of a sulphonaphthylate may be found 
somewhat higher when the compound is carefully purified by repeated 
crystallization from alcohol. 


II. “On the Relation of Form and Dimensions to Weight of 
Material in the Construction of Iron-clad Ships.” By E. J. 
Rerxp, Chief Constructor of the Navy. Communicated by Prof. 
G. G. Stokes, Sec. R.S. Received March 3, 1868. 


(Abstract. ) 


The object of the Paper is to show that the proportion of length to 
breadth in a ship, and the form of her water-lines, should be made in a 
very great degree dependent upon the weight of the material of which her 
hull is to be constructed—that an armour-plated ship, for example, should 
be made of very different proportions and form from those of a ship with- 
out armour, and that as the extent and thickness of the armour to be 
carried by a ship are increased the proportions of length to breadth should 
be diminished, and the water-lines increased in fulness. 

It is highly desirable that this subject should receive the attention of 
men of science, not only because it bears most directly upon both the cost 
and the efficiency of future iron-clad fleets, but also because it opens up 
a theoretical question which has hitherto, I believe, received absolutely no 
consideration from scientific writers upon the forms and resistances of 
ships, viz. the manner in which the weight of the material composing the 
hull should influence the form. Prior to the design of the ‘ Bellerophon,’ 
the forms of ships were determined in complete disregard of this considera- 
tion; and even the most recent works upon the subject incite the naval 
architect to aim always at approaching the form of least resistance. The 
investigations given in the Paper show, however, that the adoption of a 
form of least resistance, or of small comparative resistance, may, in fact, 
lead to a lavish outlay upon our ships, and to a great sacrifice of efficiency ; 
while, on the other hand, the adoption of a form of greater resistance would 
contribute in certain classes of ships to greater economy and to superior 
efficiency. 


7 


* 
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In order to indicate clearly, but approximately? only, the purpose in 
view, the author first considers the hypothetical cases of a long and a 
shorter ship, both of which are prismatic in a vertical sense. The length 
of the long ship is seven times its breadth, and its horizontal sections con- 
sist of two triangles set base to base; the length of the short ship is five 
times its breath, the middle portion being parallel for two-fifths of the 
length, and the ends being wedge- shaped. It is assumed also that at a 
speed of 14 knots the long ship will give a constant of 600, and the sere 
ship a constant of 500 in the Admiralty formula, 

speed * x mid. section 
indicated horse- power 

The draught of water is in each case 25 feet, and the total depth 
50 feet. 

It is taken for granted that the form of the long ship has been found 
satisfactory for a ship of such scantlings that we may consider her built 
of iron of a uniform thickness of 6 inches, the top and bottom being 
weightless. 

Now, let it be required to design a ship of equal speed, draught of water, 
and depth, but of such increased scantlings (whether of hull proper or of 
armour) that the weight shall be equivalent to a uniform thickness of 
12 inches of iron, the top and bottom being weightless as before. First, 
the new ship has the proportions of the long ship given to her; and 
secondly, those of the shorter ship. In each case the engines are supposed 
to develope seven times their nominal horse-power, and to weigh (with 
boilers, water, &c.) 1 ton per nominal H.P. The coal-supply in each case 
equals the weight of the engines, so that both ships will steam the same 
distance at the same speed. But as the equipment of the smaller ship will 
be less weighty than that of the larger ship, we will require the larger ship 
to carry 2000 tons, and the smaller 1500 tons additional weights. 

Assuming the breadth extreme in each case to be the unknown, we can, 
from the Admiralty formula given above, deduce an expression for the 
Indicated Horse-Power ; thence, under the assumed conditions, the weights 
of engines and coals can be found; and these being added to the weights 
of hull (calculated on the assumption that the sides are of 12-inch iron), 
and to the weights carried, give an expression for the total displacement, 
in tons, of each ship. Another expression is found for this displacement 
by finding the weight of water displaced. The two expressions are equated, 
and a quadratic equation is formed, from which the breadth extreme is 
determined ; and from it all the other values can be found. 

The accompanying Table shows the results obtained by this method for 
the two classes of ships :— 
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Long ship. Shorter ship. 
Length extremeliiaee aces: - 2." 581 feet. 342 feet. 
Bread tla iyc pce theses: 96. es 83, 682 ,, 
Nominal horse-power .......... 1350 H.P. 1337 | HEP: 
Indicated SS ARS ts oh 9450 _,, 9309EN 
Weight of Inullei aernr cn... 3 12570 tons. 7576 tons. 
# SUMS) 34 Sn OS aRe 1350". 1337 ~ 3, 
i COALS eee ree. Swe ts 1[S5O0% 4, 13379 ae 
Pe NCATILCOL DREN Re asin is Sec ae vine 2000 _,, 1500, 4 
Motalidisplacement.. 52.00. . LpzOe Li(a0. 


It will therefore be seen that, by adopting the proportions and form of 
the shorter ship, a ship of the required scantlings and speed will be ob- 
tained on a length of 342 feet and a breadth.of 683 feet; whereas if the 
proportions of the long ship are adopted, the ship, although of the same 
scantlings and speed only, will require to be 581 feet long and 83 feet 
broad, the steam-power in both cases being as nearly as possible the same. 

Considerations of this character, worked out more fully, led the designer 
of the ‘ Bellerophon’ to depart so considerably from the form and propor- 
tions of the ‘ Warrior.’ 

The next part of the investigation is based upon the official reports of 
the measured mile trials of the ‘ Minotaur’ and ‘ Bellerophon’ when fully 
rigged, and upon calculations made from the drawings of those ships. It 
is assumed that a prismatic vessel having the same mean draught as each 
of these ships, and having the same form and dimensions as the mean hori- 
zontal section (which equals the mean displacement in cubic feet, divided 
by the mean draught of water), will give the same constant as the ship 
herself, at the assumed speed of 14 knots, which, as nearly as possible, 
equals the speed obtained by both the ‘ Minotaur’ and ‘ Bellerophon’ on 
the measured mile. For each ship the weight of the armour and backing 
is supposed to be uniformly distributed over vertical prismatic sides of the 
dimensions of the armoured sides ; and the weight of hull is similarly dis- 
tributed over vertical prismatic sides of the dimensions below water of the 
mean horizontal section, and above water of the armoured side. The 
actual weights carried by the ships are thus transferred to what may be 
termed representative prismatic vessels, having the same constant of per- 
formance as the ships. The detailed calculations in the Paper show that 
the weight per square foot of the material in the hulls of the two ships, 
when distributed over the sides of the representative prismatic vessels, is 
very nearly the same for both; and the same holds with respect to the 
weight per square foot of armour and backing. The ‘ Minotaur’ is rather 
heavier in both respects; but, for the reasons given in the Paper, the 
means of the values found for the two ships are taken, and are found to be 


Weight per square foot of hull ='152 ton. 
6 * », armour and backing=°11 ton. 


The questions next considered are these: presuming it to be necessar 
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to build another ship, which shall also steam 14 knots, carry the same 
proportionate supply of coal to engine-power and proportionate quantities 
of stores, but shall have her armour and backing of double the weight of 
armour and backing of the ‘Bellerophon’ and ‘ Minotaur,’ then (1) what 
will be the size, engine-power, and cost of the new ship of the ‘ Minotaur’ 
type, and having the same mean draught and depth of armour? and (2) 
what will be the size, engine-power, &c., if built on the ‘ Bellerophon’ 
type, and having her mean draught and depth of armour ?—this condition 
implying, of course, that the same constants of performance as before 
will be realized in each case. On account of the great disproportion in 
size between the two types of ship, it is obvious that the smaller one will 
require much less weight of equipment. It is assumed, therefore, that the 
additional weights of the smaller ship (exclusive of engines, boilers, and 
coals) amount to 700 tons, and those of the larger ship to ]000 tons. The 
developed power of the engines, proportionate supply of coal, and the 
weight of engines We. are taken exactly the same as in the hypothetical 
case first given. 

By proceeding with the investigation for each case in a way similar to 
that sketched for the hypothetical ships, only treating the breadth extreme 
of the mean horizontal sections of the new ships as the unknown, the fol- 
lowing results are obtained. The new ship of the ‘ Minotaur’ type which 
fulfils the required conditions will be nearly 490 feet long, 723 feet breadth 
extreme, and have a total displacement of 14,253 tons; while the new ship 
of the ‘ Bellerophon’ type will be 380 feet long, 71 feet breadth extreme, 
and have a total displacement of 10,950 tons. It thus becomes obvious 
that a correction is needed in the weight per square foot of hull in the 
new ship of the ‘ Minotaur’ type, as her length has been so greatly in- 
creased ; it is considered that an increase of at least 10 per cent. is re- 
quired ; and thisis the allowance made. On the other hand, the new ship 
of the ‘ Bellerophon’ type is still shorter than the ‘ Minotaur’ herself, and 
the displacement is not much greater than the actual displacement of the 
‘Minotaur ;’ so that no correction is needed in her weight per square foot 
of hull. When the correction has been made for the new ship of the 
‘Minotaur ’ type, the final results in round numbers are as follows for the 
two classes of ship :-— 


New ship of New ship of 
‘ Minotaur’ type. |‘ Bellerophon’ type. 
WRG MUM a8s00) 6 euisherscs wales o'myiie as 510 feet. 380 feet. 
BRCHORE MTS cia acid oS sian the ay 8 Tous, (a 
Moning ee ee eye) aol. s Nok ayers 15770 tons. 8620 tons. 
Nominal horse-power.......... 1080 H.P. 1080 H.P. 
Indicated aN AEs NG Pe ere eS 7560 _s,, TORO» 55 
Wieighiivotnillne sae) ae. 7100 tons. 4460 tons. 
ie armour and backing .. 5190 ,, 3630 ,, 
. engines and coals .... FAD) as PAU Oe 
* stores carried ........ LOOOr TOOr 
Wisplacemientir siiveacist cece sss 15450 _—,, 10950. ,, 
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Taking the cost per ton at £55 (which is the average cost per ton of 
tonnage for the hulls of armour-clad ships), the saving made by adopting 
the new ship of the ‘ Bellerophon’ type would amount to £283,250, or 
considerably more than a quarter of a million sterling. It must also be 
considered that the ship of the ‘ Bellerophon’ type wouid cost less for 
maintenance and repair, and be much handier in action. 

The last investigation in the Paper is purely theoretical, and consists of 
a determination of the dimensions which would be required in two ships of 
which the horizontal sections are curves of sines, and which are prismatic 
vertically, if they were built with the same weight per square foot of hull 
(say 1 ton) as the ‘ pe but carried twice the weight of armour 
per square foot (say =°; ton). In these cases the bottom is taken to have 
weight as well as He side ; the speed for both is 14 knots, the draught of 
water is 25 feet, and the depth of the armoured side 24 feet. One of the 
ships is seven times her breadth in length, and the other is five times. 
Professor Rankine’s rule for the calculation of horse-power and speed is 
employed; and the same conditions of engines &c. are assumed as have 
been indicated previously. The larger ship carries 1350 tons additional 
weights, and the smaller 900 tons. 

The results obtained for these ships are as follows, when expressed in 
round numbers :— 


i Larger ship. Smaller ship. 
| lene Beko tay ofa eiepiiees owanatiiccy StApo Be 585 feet. 425 feet. 
IBTOSAEM SS nu coir s Bi aa eles ks 84 ,, Sis 
Nominal horse-power .......... 1267 H.P. 980 H.P. 
Indicated 1 biiedeieiny Secu 8890 _,, 6860 ,, 
Weight of hotles ct eee oe 7086 tons. 5540 tons. 

Ss armour and backing . 6124 ,, 4470 _,, 
¥y engines and coals .... 2540 _,, 1960 ,, 
| » carried Be Men ane 1S50 0s 900 ,, 
Displacements: 00 we cc ee cies «6 17600 ,, 12870; 


These results are very different in detail from those obtained in the 
cases based on the actual trials of the ‘ Bellerophon’ and ‘ Minotaur.’ 
The 2000 H.P. which is needed by the larger ship above the power 
required by the smaller ship, is principally due to the difference between 
the immersed surfaces of the two ships, and is spent in overcoming friction. 
The immersed midship sections, it will be remarked, only differ by a very 
small amount. 

This last investigation serves to show that, the theoretical best form of 
ship being taken, and the most recent rule being applied in the calcula- 
tions, the speed of 14 knots can be obtained im the short type of ship at a 
surprisingly less cost and size than the Jong type requires ; and this result 
agrees with that of the preceding investigation based on actual trials. 
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March 26, 1868. 
Lieut.-General SABINE, President, in the Chair. 


Pursuant to notice given at the last Meeting, Theodor Ludwig Wilhelm 
Bischoff of Munich, Rudolph J. E. Clausius of Wirzburg, Samuel Hein- 
rich Schwabe of Dessau, and Hugo von Mohl of Tubingen, were balloted 
for, and elected Foreign Members of the Society. 


The following communication was read :— 


“On the Amount and Changes of the Polar Magnetism at certain 
positions in Her Majesty’s Iron-built and Armour-plated 
Ship ‘ Northumberland.’” By Freprrick Joun Evans, F.R.S., 
Staff-Captain R.N., im charge of the Admiralty Magnetic De- 
partment. Communicated with the sanction of the Lords 
Commissioners of the Admiralty. Received March 5, 1868. 


(Abstract. ) 


The ‘Northumberland’ is a ship of 6621 tons, built at Millwall, River 
Thames; head N. 394° K. magnetic, and completed with the armour-plates 
in the same direction: the launch was effected on 17th April 1866; she 
then lay for eight months in the Victoria Docks, head S. 22° W. magnetic, 
or in a direction nearly opposite to that occupied in building. 

From January to March 1867 she lay at Sheerness swinging to wind and 
tide: the ship was then removed to Devonport and placed in dry dock, 
head S. 84° E. magnetic, where she has remained till the present time. Ob- 
servations of deviation and horizontal and vertical force were made at the 
standard compass (elevated 8? feet from the iron deck, and 172 feet 
distant from the stern), the poop-, and two steering-compasses (starboard 
and port), the latter being on the quarter-deck below the poop-compass,— 
the group being placed near the steering-wheel, 52 feet from the stern, 
and each compass 4 feet above its own deck. 

The polar force at each compass was originally directed to the part of 
the ship which was south in building; it diminished in the Victoria Docks, 
showed a tendency to return to its original value at Sheerness; and finally 
a large force to starboard was developed by the position of the ship in 
dock for the lengthened period at Devonport. 

Tables are appended giving the magnetic coefficients for each compass 
from time to time, extending from 17th April 1866 to 10th December 
1867. 

The results show that the greater part of the polar magnetism was 
caused by the subpermanent magnetism of the whole mass of the ship, 
due to her position in building and afterwards: this polar force was so 


great as to require correction by magnets in addition to the usual tabular 
corrections. 
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The ‘Northumberland’ was the subject of a singular attempt to 
“‘ depolarize’”’ her, by the Patentee of a process “‘ for an improved method 
of correcting the deviation of compasses in iron ships”’*. 

The attempt was made—first, on the 4th August 1866, in Victoria Docks, 
by moving electromagnets over the external plates of the ship, but without 
effect ; next at Sheerness, in January 1867—a similar process without effect ; 
then by applying electromagnets to the beams of the poop-deck, in imme- 
diate proximity to the poop- and two steering-compasses, and with consider- 
able effect, as a powerful north pole of a subpermanent quality was de- 
veloped in the centre of those beams (about 5 feet abaft the compasses), 
producing a repulsive force on the poop- and steering-compasses amounting 
nearly to two-thirds of the earth’s force. 

By this the semicircular deviation of the poop and port steering-com- 
passes was reduced to 2 of its original amount, returning, however, in 
the course of a year (eleven months), as determined by observations made 
in June, August, and December 1867, to 2? of its original amount. The 
deviation of the starboard steering-compass was altered slightly in amount, 
and largely in direction ; but is now, in common with that of the two com- 
passes just named, gradually returning to its original state. 

The deviation of the standard compass was not affected by the operations 
in the slightest degree. 

The ‘‘ heeling ” deviation of the poop-compass was affected in nearly 
the same way as its semicircular deviation: the “‘heeling”’ deviation of 
the starboard steering-compass was increased; but the increase, like the 
decrease of the poop-compass, was fast disappearing in December 1867. 

The correction by the “depolarizing” or ‘‘ demagnetizing” process 
was therefore both imperfect and transient, and productive of more 
injury than benefit ; in consequence of which the author has submitted to 
the Admiralty that no so-called ‘depolarization’? should be allowed 
within 20 feet of any compass placed for the navigation of the ship. 


* A full account of this ‘‘depolarizing’”’ process, with the general views of the 
patentee, will be found embodied in two papers read before the Royal United Service 
Institution, and the discussions thereon, as published in the Journal! of the Institution :— 
the first paper, on “ Terrestrial Magnetism with reference to the Compasses of Iron 
Ships; their deviation and remedies,” read January 29th, 1866; the second paper, on 
“The Demagnetization of Iron Ships, and of the iron beams &c. of wooden vessels, to 
prevent the deviation of the compasses, &c.,” read May 6th, 1867,—both papers by Evan 
Hopkins, Esq., C.E., F.G.S. 
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April 2, 1868. 
Lieut.-General SABINE, President, in the Chair. 


The following communication was read :— 


“ Report of the Committee on the Melbourne Telescope to the Presi- 
dent and Council of the Royal Society.” Communicated by the 
President. 


The Committee were informed by Mr. Grubb at the close of last year that 
the telescope was ready for their final examination ; but the bad weather 
which has prevailed in Ireland ever since precluded all trials of its optical 
power till February 17, when they met at Mr. Grubb’s works in Rath- 
mines Road. 

1, The telescope was not finished at the time named in the contract ; but 
the Committee have ascertained that the delay arose solely from un- 
favourable weather, which not only impeded the actual work of polishing, 
but for weeks together made it impossible to test the figure of the specula. 
They considered that it was far more important to send out a perfect 
instrument than to keep the exact time. 

2. The Committee, after minutely and carefully studying the mechanical 
details of the equatorial, have come unanimously to the conclusion that it 
is a masterpiece of engineering. Its movements are surprisingly smooth 
and steady ; it can be moved to any portion of the sky, even if it have to 
be reversed from one side of its pier to the other, in less than a minute by 
two operators and with very little exertion. 

The clock is smooth and equable in its action, it is very powerful, and 
quite equal to its work. Great change of rate, as from sidereal to lunar 
time, is effected by an ingenious piece of differential gearing ; small changes 
are made by a cam adjustment ; moreover it rings seconds, for the double 
object of comparing its rate with a chronometer and to assist the observer 
in his observations. 

3. The Committee are strongly impressed by the great convenience to 
the observer of the arrangements of the hour and polar-distance circles, the 
facility of controlling their adjustment, and the easy access to the eyepiece. 

4, The stability of the tube was severely tested, both in respect of its 
general stiffness and its power of resisting torsion, such as might be pro- 
duced by the weight of the small speculum when the telescope is off the 
meridian ; and the results were highly satisfactory. 

5. In large reflecting telescopes it is usual to make provision for keeping 
a given diameter of the great speculum always in a vertical plane. When 
they are equatorially mounted, this is done by rotating the tube in its 
cradle. Here the tube does not turn; but there is a special arrangement 
of hoop-suspension, by which, whatever diameter may be vertical, it is 
supported in a uniform and symmetrical manner. The system of trian- 
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gular levers at the back of the great speculum is also contrived so as to 
prevent them from exerting any pressure which might distort it. This is 
a matter of the highest importance, and the attention of the Committee 
‘was specially directed to it. They examined it most carefully, putting the 
telescope in various positions of AX and P. D. on each side of the meridian, 
both by day and night, and could not find any sign of flexure or any dis- 
tortion of the image in any of these changes. 

6. In order to test the optical power of the second speculum B (the 
first one, A, had been tried and approved by a member of the Com- 
mittee on October 12 last), the telescope was directed to the following 
objects :—In the daytime Venus and « Andromede; at night (which 
fortunately was clear and steady) Castor, the Great Nebula of Orion, @ 
Orionis, y Andromede, Uranus, 1 Messier, 37 Messier, 46 Messier, and 
51 Messier, from which it will be seen that both the light-collecting and 
defining powers of the instrument were fairly tried. The powers tia were 
220 (the lowest which can take in the entire pencil), 350, and 450, all 
negatives. Of course one would not propose such an instrument for the 
measurement of close double stars, work for which telescopes such as 
those of Poulkova and Harvard are possibly better fitted; but the Com- 
mittee found that the light even of large stars was collected into small, 
hard, and perfectly circular disks, free from rays; and though some 
diffused light* surrounded them, it was exactly concentric with the central 
disks. The 5th and 6th stars of the Trapezium of Orion were not only 
plainly seen, but were very bright; ¢ Orionis was well shown, and the 
companion of y Andromedze was clearly divided with the powers of 350 
and 450, and the different tints of the components were evident. Uranus 
was well seen, but was surrounded by such a multitude of very minute 
stars that, without access to the tables of his satellites, it was impossible 
to know whether any of them were seen}. 37 M. was broken into a heap 
of stars so large and brilliant that it quite lost the character of a cluster. 
The planetary Nebula in 46 M. brought out most strikingly the light- 
collecting power of this telescope ; for it (which in most telescopes appears 
as a faint disk) was revealed as a ring, bright even on the dazzling ground 
of the surrounding stars, which here were as brilliant as the components of 
the Pleiades appear in ordinary instruments. With respect to the Nebulz, 
it is needless to say more than that Lord Rosse considers its performance 
in bringing out the details of the Orion Nebula, 1 M. (the Crab), and 
51 M. (the Great Spiral), quite satisfactory. 

7. The Committee had no ie aad of testing the spectroscope on 


* The cause of this diffused light has since been discovered and removed. 

+ On the 19th of February, however, the Committee had the advantage of ie 
Perce of Mr. Lasse!l in the examination of Uranus among other objects with Speculum 
A, and, guided by his familiarity with that object, they were enabled to make out stars, 

he positions of which, with great probability, corresponded to the places of the two 
most distant, and one of the nearest satellites. 
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stellar or nebular spectra; but they have tried it on solar and electric 
ones, and consider that it will be very effective, from the solidity of its 
structure, and its large dispersion combined with a small deviation. 

8. The balance of the grant, which will probably be absorbed by the 
expense of packing the instrument for removal, was not sufficient to justify 
the Committee in ordering a photographic apparatus which should be 
worthy of the telescope ; but some trials have been made with a ‘‘ makeshift 
affair,’ which confirm them in their opinion that it is most important to 
turn to account the photographic power of this magnificent instrument, 
not only for the moon, but for the planets and the sun. On two or three 
occasions Castor and the moon were taken with this temporary apparatus : 
as to the star, its components impressed their images in good measurable 
disks in times varying from two to eight seconds; with respect to the 
moon, on February 1, when she was seven days old, and the air good, a 
remarkably hard and sharp picture, full of minute details, was obtained, . 
which exhibits so strongly the great photographic power of the instrument, 
that they would regard it as a serious loss to science if this was not most 
fully brought into action. This is the more desirable because lunar and 
solar photography would utilize a considerable portion of time, during 
which the observing of nebule isimpossible. After full inquiry, the Com- 
raittee find that the cost of the necessary apparatus for this work, including 
a micrometer for measuring distances and positions on the photographs 
ike that described in the Philosophical Transactions, 1862, p. 373), could 
be provided for a sum not exceeding £400; and they earnestly hope that 
so valuable an addition may be made. They have been given to under- 
stand that the Melbourne Government have resolved on putting a roof 
over the instrument, but that they think it can be more economically con- 
structed there than here. In this case it occurs to the Committee that 
the second form of roof described in Dr. Robinson’s letter might be pre- 
ferable to the more complex one there recommended; and as it would be 
less costly, the difference would more than cover the expense of the photo- 
graphic apparatus. In this hope they have directed Mr. Grubb to prepare 
a detailed plan of that apparatus and of the second form of roof. The 
Committee conclude by stating that they have no hesitation in declaring 
that the instrument 1s perfectly fit for the work for which it was destined. 
They therefore consider that Mr. Grubb has fulfilled his contract, and 
have directed him to lose no time in preparing the necessary cases and 
packing it for Melbourne. They have also instructed him to ensure it 
against the risk of fire during its stay. 

The Committee feel bound to say that Mr. Grubb has put a most 
liberal construction on the terms of his contract; and after their minute 
examination of the excellence of the telescope, and the amount and per- 
fection of the machinery connected with it and its manufacture, they are 
convinced that Mr. Grubb has been more influenced by the desire of pro- 
ducing a perfect instrument than by any prospect of pecuniary advantage, 
and can scarcely realize the possibility of giving so much for the sum 
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named in the contract, especially when it is considered that special works 
had to be erected for the purpose of constructing the telescope. 
Rosse, 

T. R. Rogprnson, D.D. 

Feb. 19, 1868. Warren De 1a RvE. 

P.S. March 7th, 1868.—I would strongly recommend that the photo- 
graphic apparatus should be fitted to the telescope before it leaves Ireland. 

WARREN DE LA RvE. 


The Society then adjourned over the Easter Recess to Thursday, April 
23, 1868. 


April 23, 1868. 


Dr. WILLIAM ALLEN MILLER, Treasurer and Vice-President, 
in the Chair. 


The following communications were read :— 


I. “On the Geographical and Geological Relations of the ae 
and Flora of Palestine.” By the Rev. Hunry Baker Tris- 
TRAM, M.A., F.G.S. Communicated by P. L. Scrarmr, M.A. 
Received March 10, 1868. 


(Abstract. ) 


A detailed examination of the fauna and flora exhibits results remark- 
ably in accordance with the views expressed by Mr. Sclater and Dr. 
Gunther on the geographical distribution of species. Palestine forms an 
extreme southern province of the Paleearctic region. 

In every class, however, there are a group of peculiar forms, which can- 
not be explained simply by the fact of Palestine impinging closely on the 
Ethiopian, and more distantly on the Indian region, but which require a 
reference to the geological history of the country. 

The results of the examination of the collections made in 1864 by the 


expedition assisted by the Royal Society, may be tabulated thus :— 
Indian, including ; 
Total, Palearctic. Ethiopian. those which are. Peculiar. 
also Ethiopian. 


Mammalia? . 56.2240) 82 4] 30* 13 rf 
IATOS sate pel ups mie 326 258 36F 14 27 
Reptilia oe. oe ale jee, 13) 2 4s 
Pisces, fluviatile..,. 17 1 3 3 10|| 
Mollusea4e 22532 146 48 8 2 81 
Flora, general... 9634 gs 
Flora, Dead-Sea basin 

(Phanerogamic).. 113 27 ip as 26 3 

* Of which 9 are also Indian. + Of which 8 are also Indian. 

+ Of which 1 is also Indian. § And 5 others Asiatic, but not Indian. 


I Of which 5 are also Syrian and Asia Minor. 
¢ About 1300 species are known from Palestine (Bhenererie 
** Of which 26 are also Indian. 
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Several of the Ethiopian Mammalia are sedentary forms, and seem to 
point to an earlier settlement than across the recent deserts. There is no 
trace of any immigration from the Indian region. Of the peculiar species, 
Hyrax syriacus belongs to an exclusively Ethiopian and isolated type, yet is 
specifically different from its congeners, which are all most sedentary in 
their habits. 

The Avifauna is very rich in number of species, most unequally distri- 
buted. The Ethiopian and Indian types are almost exclusively confined to 
the Dead-Sea basin, excepting only the desert forms. There are several 
Indian species, as Ketupa ceylonensis, which have no affinities with any 
Ethiopian forms. Of the peculiar species, besides several modifications of 
well-known Palearctic forms, there are eleven, belonging to as many dif- 
ferent Ethiopian and Indian genera. Three of these are decidedly Indian 
in their affinities. The Avifauna of the Dead-Sea basin is decidedly 
distinct and typical, sometimes Indian, more generally Ethiopian in its 
character. 

In the Reptilia there is a less prominent intrusion of Ethiopian types, 
there being a general similarity to the Egyptian herpetological fauna, which 
- must be classed within the Palearctic region. The Indian is present in 
Daboia wanthina; and the affinities of a new genus Rhynchocalamus are 
rather obscure. Snakes in particular are more limited to the original 
locality of the individuals, and the groups, like the individuals, are more 
stationary. 

The fluviatile ichthyological fauna is much more distinct, though the 
number of species is small. In its consideration we confine ourselves to 
the Jordan and its tributaries, in which are three Nilotic fishes, three 
others extending eastward in Asia, six to other rivers of Syria, and four 
peculiar, bearing a strong affinity to the species and genera (as Chromis 
and Hemichromis) of tropical Eastern Africa. 

Of the Mollusca, most of the peculiar species have no geographical sig- 
nification. ‘The Pulmonifera have developed in groups, which are modifi- 
cations of desert types in the south, and of Mediterranean forms on the 
coast. Variation in this class appears rapidly to follow segregation, as 
shown by the Jordanic species. The fluviatile mollusca are much more 
distinct, and indicate a very ancient separation from any adjacent district. 

Similar inferences may be drawn from the examination of the Arachnida, 
Lepidoptera, Hemiptera, and Orthoptera, as well as from the Rhizopod 
fauna, which is similar to that of the Indian Ocean. (The examination of 
the Coleoptera is not yet completed.) 

The flora of Palestine is, on the coastline and highlands, simply a repro- 
duction of that of the Eastern Mediterranean. That of the Jordan valley 
is most distinct. Of 113 species by the Dead Sea, only 27 are European, 
and these chiefly weeds of world-wide distribution. In this area the flora 
is almost exclusively Ethiopian, consisting largely of species extending 
from the Canaries to India. 


318. On the Fauna and Flora of Palestine. — [Apr. 23, - 


Thus in the Dead-Sea basin, an area of but a few square miles, we find 
a series of forms of life in all classes, differing from those of the surround- 
ing region, to which they do not extend, and having Ethiopian and, more 
strictly, Indian affinities. The basin is depressed 1300 feet below the sea- 
level; and as zones of elevation correspond to parallels of latitude, so here 
a zone of depression represents the fauna and flora of a low latitude. If 
the flora were representative, this law, that climatal zones of life are mutu- 
ally repeated and represented by elevation or depression and latitude, would 
account for their existence. 

But we have a transported flora ; this negatives the idea of an indepen- 
dent origin onthe spot. The theory of migration, under present conditions, 
is refuted by the coexistence of peculiar and unique forms, with others now 
found in regions widely apart. Of these, the physical character, and the 
phenomena of their present distribution, present insuperable obstailae to 
their migration under existing geological conditions. 

Their existence must be mainly due to dispersion before the isolation of 
the area; this must have been after the close of the Eocene period, to 
which belong the most recent superficial deposits of Southern Palestine. 
There are no beds synchronizing with the miocene deposits of Sicily, &c. ; 
it must have had a fauna and flora contemporaneous with the miocene flora 
of Germany. There is geological evidence that since the Hocene period the 
Jordan fissure has had no connexion with the Red Sea or Mediterranean. 
There are subsequent vast marl deposits of the Dead Sea when it was at a 
higher level, but they are wholly unfossiliferous. ‘The diminution of the 
waters may, for reasons given, be fixed about the close of the tertiary 
epoch. We have also evidence of the extension of the glacial period thus 
far south, as in the moraies of Lebanon. 

Still the lake existed before the glacial epoch in its present form, when 
there was an unusually warmer climate, and the more antique Ethiopian 
fauna and flora had a more northerly extension. This would be contempo- 
raneous with the miocene continent of Atlantis, and the Asturian flora of 
South-west Ireland. 

Palestine would then be Hast African. Afterwards the glacial imread 
would destroy the mass of preexisting life, excepting the few species most 
tenacious of existence which survive in the still comparatively warm de- 
pression of the Jordan valley, which thus became a tropical “ outlier,” ana- 
logous to the boreal marine outliers of our own seas. The Indian types are 
explained by the former continuous miocene continent from India to 
Africa. The peculiar species may either yet be found in Arabia, or, if not, 
may be descendants of species which inhabited the country with a Be 
range, or may be variations stereotyped by isolation. 

The peculiar fishes of the Jordan are most important, dating probably 
from the earliest period after the elevation of the land. The genera of the 
peculiar species are exclusively African, while the species are representative 
rather than identical. We may explain this by the miocene chain of fresh- 


1868.] On the Optic Awes in Harmotome and Wohlerite. 319 


water lakes, extending from Galilee to the Nyanza, Nyassa, and Zambesi, 
when an ichthyological fauna was developed suited to the warm conditions 
that prevailed, part of which survives in the Jordan. 

During the glacial period the temperature of Lebanon must have been 
similar to the present Alps, as the existing mammals and birds on the 
summits are identical with those of the Pyrenees and the Alps; not so the 
glacial fiora, of which almost every trace has been lest. But the flora had 
not the same powers of vertical migration with the fauna, of which, how- 
ever, the Elk, Red Deer, and Reindeer, found in the bone-caverns, have 
long since perished. 

During the present period the Mediterranean forms have overspread the 
whole country, excepting the mountain-tops at an elevation of 9000 feet, 
and the Jordan depression. ‘These two exceptions can be best explained 
by the fact that the traces of the glacial inroad are not yet wholly oblite- 
rated, and that the preceding warm period has left its yet stronger mark in 
the unique tropical ‘outlier’? of the Dead-Sea basin, analogous to the 
boreal outliers of our mountain-tops, the concave depression in the one 
being the complement of the convex elevation in the other. 


II. “ New Researches on the Dispersion of the Optic Axes in Harmo- 
tome and Wohlerite, proving these Minerals to belong to the 
Clinorhombic (Oblique) System.” By M. A. L. O. Drs 
Cuotseaux. Communicated by Prof. W. H. Miuumr, For. Sec. 
R.S. Received March 12, 1868. 


(Abstract. ) 


We are already acquainted with a considerable number of crystals, 
natural as well as artificial, the forms of which have only been determined 
with precision by the examination of their optical properties as doubly 
refracting bodies. Harmotome and Wohlerite furnish two fresh examples 
of this; and they afford all the more important proof of the necessity of 
appealing to these properties, inasmuch as the crystals of these substances 
would appear certainly to be derived from a right rhombic prism, so long 
as we consider only the apparent symmetry of their external forms, or the 
orientation of the plane containing their optic axes. The different sorts of 
dispersion which these axes might be capable of presenting are so feeble, 
and so difficult of appreciation on account of the slight transparency of 
Wohlerite, and the complex structure of the crystals of Harmotome, that 
the determination of these dispersions has hitherto been too incomplete to 
allow of any conclusion being drawn as to the crystalline type they might 
otherwise serve to characterize. 

It was a remark of M. Axel Gadolin that induced the author to resume 
the attentive study of the phenomena of dispersion, first in Harmotome, 
and then in Wohlerite, and as a consequence to modify the crystallographic 
type to which these minerals have been in general referred. 
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Harmotome. 


Several years ago the author showed that simple crystals of Harmotome 
did not exist, and that those of Strontian in Scotland (Morvenite), considered 
as such, prevented, in fact, a twinning formed by the interpenetration of 
two principal individuals. ‘The particular orientation of the plane of the 
optic axes in each of the crystals of which the least complicated of such 
groups are composed had led him to refer their crystalline form to a right 
_ rhombic prism of 124° 47'; and he had been induced to look on this prism 
as presenting a peculiar sort of hemihedrism, or rather hemimorphism, 
such that only one-half of the fundamental rhombic octahedron existed, 
that namely formed of four faces parallel two and two, and lying in the 
same zone. More recently, in studying the modifications which heat 
induces in the position of the optic axes and of their plane, he observed a 
phenomenon less compatible with the hypothesis of a primitive rhombic 
form; but the slight transparency of the plates on which he operated, the 
wide separation of the optic axes, which rendered the examination of the 
two systems of rings almost impossible in air, and finally the almost com- 
plete absence of dispersion, led him to regard the observed result as an 
apparent anomaly, attributable to the highly complex structure of the 
crystals. } 

Desirous of verifying the truth of a suggestion communicated to him by 
M. Gadolin in June 1867, the author had some new plates cut normal to 
the acute, positive bisectrix from very transparent crystals of the Scotch 
Morvenite, and he has been able to establish the existence of a very decided 
twisted dispersion. In consequence of the smaller mutual inclination of 
the optic axes in these than in the former plates, the author was also able 
to satisfy himself directly that the displacement impressed by heat on the 
plane containing these axes is a rotary one, quite analogous to that which 
he had shown to exist in borax and Heulandite. It is therefore now 
beyond doubt that the crystalline type of Harmotome is the oblique rhombic 
prism, and the author has corrected the crystallographic description of 
the mineral accordingly. 

Hot Weohlerite. 

In his ‘ Manual of Mineralogy,’ the author had described the crystals 
of Wohlerite as derivable froma‘ prism of very nearly 90°. From the 
point of view from which a consideration of the orientation of their optic 
axes had induced him to regard them, they appeared to offer a certain 
number of homohedral forms associated with forms that were hemihedral 
or hemimorphic, analogous to those that he had drawn attention to in 
Ilarmotome. Having proved that the latter mineral belongs to the clino- 
rhombic system, he endeavoured to ascertain whether this was not also the 
case with Wohlerite, all the forms of which would in that event be homo- 
hedral. But in this case a study of ‘the different varieties of dispersion is 
rendered difficult by the yellow colour, and by the imperfect transparency 
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presented by the substance even when in very thin plates. Besides this, 
contrary to what is found in Harmotome, while the dispersion belonging 
to the optic axes is very distinct, the horizontal and twisted dispersions, 
which should be sought for in plates normal to the two bisectrices, are, 
on the contrary, but slightly evident. However, on examining in oil some 
thin plates placed so as to have the plane of their optic axes horizontal and 
perpendicular to the plane of polarization, the author observed in the plates 
normal to the obtuse, positive bisectrix, some faint blue and red fringes, 
dispersed in contrary directions above and below the bars which traverse 
the two systems of rings, indicating the existence of an appreciable twisted 
dispersion. In the plates normal to the acute, negative bisectrix, the 
transverse bar of each system is bordered on one side by a very pale blue, 
and on the opposite side by an equally pale yellow, the horizontal dispersion 
being thus feebly indicated. 

The crystals of Wohlerite ought, then, to be referred to an oblique 
rhombic prism, in which the plane of symmetry is normal to the plane 
which contains their optic axes. The primitive form which it seems most 
convenient to choose is a prism with an angle of very nearly 90°, which 
presents a cleavage, easy though interrupted, parallel to its plane of sym- 
metry, and cleavages which are more difficult in the directions of the lateral 
faces m and of the plane A’ which is parallel to the horizontal diagonals 
of the base. 

The author then describes in detail the crystalline form of Wohlerite as 
thus corrected. 


III. “ On the Law of the Resistance of the Air to Rifled Projec- 
tiles.’ By Cuartes W. Merririzxp, F.R.8., Principal of the 
Royal School of Naval Architecture. Received March 19, 


1868. 
(Abstract. ) 


At the beginning of this month Lieut.-Col. H. R. Halford applied to the 
author to obtain for him the law of atmospheric resistance resulting from 
his experiments in shooting with Metford’s match-rifle, a small bore with 
increasing pitch. Col. Halford had determined by experiment the eleva- 
tions required for the ranges 100, 200, &c. up to 1100 yards, each deter- 
mination being derived from a very large number of shots; and the table 
of experimental elevations, corresponding to these various ranges, formed 
the datum furnished to the author. 

As all the trajectories were very low, the greatest elevation amounting to 
only 2° 35’ 30", the author assumed, as a sufficiently close approximation, 
that the vertical motion was determined solely by the force of gravity, and 
that the effect of the resistance of the air on the velocity was the same as 
if the projectile had moved strictly in a horizontal line. Consequently the 
depression of the point in which the target is struck, below the initial 
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tangent to the path, becomes a measure of the time of flight, according to 
the usual law of fallmg bodies; and the mean horizontal velocity being 
thus known for a series of different ranges, we can calculate the mean ye- 
locity for every 100 yards of a long range, and thence determine the re- 
‘sistance, , 

The author commenced his calculations from an assumed velocity of 
1360 feet per second, in accordance with the results obtained at short 
ranges, and assumed for trial a resistance varying as the square of the 
velocity, but found that this law did not fit the results at all. A resist- 
ance varying as the cube of the velocity was then tried, and found very 
nearly to agree with the results of observation; and the agreement be- 
came, we may say, perfect, when the assumed initial velocity was slightly 
corrected. | 

As the calculations and experiments were all made without any notion of’ 
the resulting law, and without any knowledge of the work already done by 
Professor Hélie and Professor Bashforth, they afford a remarkable confir- 
mation of the results obtained by those gentlemen. ‘This is the more 
worthy of notice, as their data belong to pieces of large calibre, and the 
author’s to small arms. 


TV. “ Remarks-on the Great Nebulain Orion.” Ina Letter addressed 


to Prof. G. G. Stoxss, Sec. 8.8. By W. Lasserz, F.R.S. TRe- 
ceived February 23, 1868. 


I have been so much interested by the perusal of Lord Oxmantown’s 
observations and drawing of the Great Nebula in Orion, published in the 
present volume of the ‘Transactions,’ that I venture to offer you a few 
remarks upon them—the more readily, as I may be supposed to be some- 
what familiar with that object, though observed with less advantage of 
optical power. ; 

On comparing the present drawing with my own, made with the four- 
feet equatorial during my late sojourn at Malta, I find that of the 93 new 
stars in Lord Oxmantown’s list, there are, I believe, only 24 within the 
more limited area of my drawing. A good many of these have escaped 
my notice, while, on the other hand, I have detected several which I do 
not find in the present Catalogue. The following are instances of a few :— 
Three stars north-preceding No. 119; four stars about the hypothenuse 
of the nearly right-angled triangle formed by the stars 47, 52, and 53; 
two stars in the triangle formed by 30, 32, and 35; a delicate point about 
29" from 104, with several others. Some of these I have so repeatedly 
and certainly seen, that I wonder not to find them here. The explanation 
of this discrepancy may possibly in some instances be found in variability, 
but must, I think, be rather sought for in the influence which the state of 
atmosphere has on such delicate objects, when the highest combinations of 

-light and power are brought to bear upon them. As this isa nebula of 
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great extent, it is possible, and indeed probable, that there may be some 
spots on which the concentrated attention of any single observer has not 
been given under the most favourable circumstances. In my own observa- 
tions, the question of resolvability appeared always an interesting one to 
settle, and therefore I gave quite as much attention to the detection of 
stars as to the tracing of the nebula. 

The present drawing embracing much more of the extent of this nebula 
than mine (if not, indeed, the whole of it), Iam able to compare mine with 
it only in part; but, so far as my limits extend, the representations are 
generally very coincident. In some parts there is a greater hardness than 
I have seen; but it is scarcely possible to convey a ¢rwe impression of the 
form of the convolutions of the nebula without intensifying them in some 
degree. I recognized in my own observations more of the spiral or scroll- 
like character of the nebula about the stars 51 and 57, first pointed out, I 
believe, by Mr. Bond, than I find in this drawing. In an engraving sent 
to me by Mr. Bond in 1863, in which photography had, as I understood, 
been employed, this scroll-like appearance is strongly marked. 

On the question of a real change of form of the nebula, no positive con- 
clusion can, I think, as yet be arrived at; but as we have probably now 
reached much more nearly to the practical limit of optical power in our 
telescopes, future observations may be expected to be much more com- 
parable with existing drawings than these are with those formerly made. 

The evidence of resolvability seems to me to be rather on the negative 
side—my own deductions from what I have seen have been always in that 
direction ; and such of the present observations as apparently look the other 
way are, I consider, too vague and wanting in precision and certainty, to 
establish it positively. 


[Received April 17, 1868.] 


In the account of my observations in Malta with the four-foot equa- 
torial, published in the 36th volume of the Memoirs of the Royal Astro- 
nomical Society, there is but a slight reference to the Great Nebula of 
Orion ; the immediate reason for which was, that the drawing I had made 
was on too large a scale for appearing therein as an engraving, and I was 
unwilling to subject it to a reduction of size. 

Moreover, as Lord Oxmantown’s elaborate description and drawings of 
this incomparable object have recently appeared in the Transactions of the 
Royal Scciety, and as the subject may be presumed to bea very interesting 
one, I beg leave to request of the Society their acceptance of my original 
drawing (forwarded this day), which contains the sum of all I have been 
able to make out (both of the details of the nebula and of the stars therein) 
with the above telescope during my three-years’ residence in the Island of 
Malta. 

I also subjoin from my Journal the following few notes relative to some 
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of the more interesting stars. The fifth star of the trapezium is reddish, 
and has a pretty broad and not very brilliant disk,—much larger than that 
of the sixth, which is more brilliant, and whiter. Yet the first impression 
of the fifth on the eye is more forcible than that of the sixth. 

_ Adopting Herschel’s numbers, 57 is much less bright than 51. The 
star marked II is nearly as bright as 57; but the two stars south-following 
II are the smallest points visible. 

Of the delicate pair preceding 6 of the trapezium, the following star is 
the brightest. 

The minute stars preceding and north-following 93, were undoubtedly 
verified ; but there seemed a want of precision in the image of the latter 
(af one may so speak of such a faint thing) which suggested the idea of 
its being double. 

Herschel’s 78, 82, and 91 have on no occasion been recognized ; a star, 
however, has been seen as laid down in the drawing, a very little south- 
following the place of 78. 

' Jn the drawing, Herschel’s numbers are adopted throughout ; and for 
convenience of reference and identification, they are attached in minute 
figures to each star. Its scale, as given at the foot, is 100’=1:194 inch. 
All the stars which have been certainly and repeatedly seen are inserted, 
and, I believe, no others. Some attempt at indication of respective 
magnitude has been made in depicting the stars, but their estimated 
magnitudes are more precisely given in the margins, right and left of the 
picture. They are, however, more fully laid down in the following Cata- 
logue of the stars contained in the map, the places being principally taken 
from Liaponov’s measures. A good many of the stars, however, I have 
independently measured, and though my means for this especial purpose 
were probably inferior to those of M. Liaponov, I have added a list of my 
measures for comparison or identification. 


W. LASSELL. 
Ray Lodge, April 1868. 
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h. 78, 82, 90, 91, and (V.) not seen. 


L. = Liaponov. 
S. =Struve. 
ee Distance from 0. 

i 

12 preceding 1047 
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10 561 
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12 531 
1255 508 
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135 478 
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13 4.62 
12°5 459 
13°5 453 
6 432 
12°5 | preceding 424 
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Remeasurement of some of the Stars of the above Catalogue. 


Stars South of 6 Orionis. | Stars South (continued). 
id i 1 di 
h. 17 | preceding 702°7 42°8 h. 54 | preceding 85:7 175°1 
18 683°7 | 244°1 62 eo ee) 449°3 
26 536°2 207°6 88 | following 66:7 24°4 
27 543°3 718 9! 112°8 53°8 
33 463°3 113°6 93 96°3 932 
36 382°7 50°6 95 1139 | 440°5 
37 355°3 583°3 103 I50°1 243°1 
40 9172; 420°9 | IOI 1515 97°2 
AI 270°6 3607 || 104, 178°7 OG 
43 290°5 483°4 I1l 227°1 5791 
45 2418 T17°9 112 239°6 | 457 
47 1926 397°8 117 359°5 213°2 
50 163°6 TRG:7 123 380°4 284°4 
52 105°5 398°3 126 412°6 503°5 
53 ot 27371 133 Sore IY/ 
51 | preceding 84:2 21°8 142 | following 783°6 254°9 
Stars North of @ Orionis. Stars North (continued). 
11 ii | il di 
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44. 246°8 8°6 108 Ow 440°3 
48 172'9 502°1 vial pins 658'9 
49 DOTe2 663 9 120 367°3 195°3> 
56 | preceding 86'1 380°4 124 384°8 584°7 
70 | following 9:0 96°6 129 459°0 387°9 
Ths 24°I 41°5 136 OZ SES 65°7 
76 32°2 166°3 137 | following 666°1 363°9 
79 | following 21°0 400°4 


April 30, 1868. 
Lieut.-General SABINE, President, in the Chair. 
The following communications were read :— 


I. “ Observations on the Development of the Semilunar Valves of 
the Aorta and Pulmonary Artery of the Heart of the Chick.” 
By Morris Toner, M.A.. M.D. Communicated by Dr. Brats. 
Received March 24, 1868. 
(Abstract. ) 
Kolhker is the only embryological author in whom I have found any 


information about the development of the semilunar valves of the aorta and 
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pulmonary artery, and I have not been able to discover any observations 
later than his. After speaking of the formation of the aorta and pul- 
‘monary artery by the division of the truncus arteriosus mto two vessels, 
this being, as is well known, the large single arterial trunk conveying the 
‘blood from the rudimentary ventricle into the branchial arteries, he 
says*, “Simultaneously with the division the semilunar valves also be- 
come developed, and I saw them already present in both arteries in an em- 
bryo of the seventh week. They are, however, at first nothing but hori- 
zoutally projecting crescentic growths of the middle and of the epithelial 
coats by which the /umen + at this spot receives the form of a three-rayed 
star. At what time they first become visible as distinct pockets I have not 
yet investigated.” 

The division of the ¢runeus arteriosus is described by Rathke as occur- 
ring in birds and mammalia by the formation on its interior of two oppo- 
sitely situated longitudinal ridges, which then grow together throughout 
its whole extent and completely divide the vessel into two lateral halves, 
one representing the commencement of the aorta, and the other that of the 
pulmonary artery. Though the semilunar valves are said by Kolliker, and 
quite correctly, to develope simultaneously with the division, he gives no 
information about the manner in which they are connected with it, or the 
part of the vessel in which they originate, and nowhere are any drawings 
given of them in their rudimentary state. I was hence led to conclude 
that very little was known about this point, and to make the observations 
the results of which are here recorded. They seem to me valuable, as 
throwing light on some of the congenital malformations of this part of the 
heart. They were made during 1865, 1866, and 1867, on the embryos of 
the common fowl, and I have had no opportunity of investigating human 
or other mammalian embryos with reference to this point. But from the 
great likeness between the hearts of birds, mammalia, and man at different 
periods of their development, it seems pretty certain that the arterial 
semilunar valves in man and mammalia generally must pass through the 
same stages of development as those of the bird, which, in the fully deve- 
loped state, quite resemble them. 

The eggs were incubated by artificial heat, and the hearts of more than 
fifty embryos, at various stages of development, were examined. The 
embryos were prepared by immersing them, immediately on their removal 
from the egg, in strong alcohol. By this the large vessels were obtained 
distended with blood and hardened. They were afterwards rendered trans- 
parent by soaking them in strong glycerine, in which they were dissected 


* Kolliker, ‘Mntwickelungsgeschichte des Menschen,’ pp. 404, 405 (1861). 

t I have left this word untranslated because no single English word exactly ex- 
presses its meaning. It is obviously the bright area of the interior of a transverse 
section of the vessel held up to the light: ‘The boundary of the bright area shows the 
form of the vascular canal at this point, ~~ 
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and examined by strong transmitted light, and were afterwards mounted 
in glycerine jelly. 

The new facts observed demonstrate— 

(1) The manner in which the ¢runcus arteriosus divides into two vessels, 
which is different from that commonly supposed to occur. 

(2) The close connexion between this process of division, and the forma- 
tion of the semilunar valves of the aorta and pulmonary artery, and their 
place of origin and mode of development. 

The following is a brief account of the manner in which the division of 
the ¢runcus arteriosus takes place. It should be said that about the third 
day of incubation, just before the division begins, the somewhat spirally 
twisted truncus arteriosus is everywhere smooth, and free from ridges 
on its interior, and ends abruptly in the three pairs of branchial arteries 
which then exist. These are the third, fourth, and fifth pair. There is 
no valvular apparatus at its branchial end, but next the ventricle the defi- 
ciency of valves seems to be supplied by a considerable development of the 
elastic wall of the truncus arteriosus on its two opposite sides, so that the 
ventricular aperture, which is at first circular, becomes slit-shaped. The 
two lips of the slit seem to prevent in great measure the reflux of blood 
into the ventricle, before the semilunar valves are sufficiently developed to 
do so. 

The division of the vessel commences about the 106th hour of incuba- 
tion, at rather less than one-fifth of the whole period of incubation, which 
is 21 days. 

It begins at the branchial end of the truncus arteriosus by the ex- 
tension into it of a plane septum growing horizontally downwards into 
the vessel from the terminal arterial wall between the openings of the 
fourth and fifth pair of branchial arteries. Its lower margin is forked, so 
that it extends further along the sides than along the centre of the vessel, 
and it is inclined a little obliquely across the vessel, sloping downwards 
from left to right. The little channel in front of this septum leads to the 
third and fourth pair of branchial arteries, and is the rudimentary aorta ; 
the channel behind it leads to the fifth pair of branchial arteries, and is 
the rudimentary pulmonary artery. 

At the same time, or slightly before this, the canal of the vessel just be- 
low the septum becomes constricted by the formation— 

(1) On its anterior and left surface, of two flattened prominences, sepa- 
rated by a groove. These are the rudiments of the anterior semilunar 
valve of each artery. 

(2) On its anterior and right surface, of a flattened ridge, extending 
obliquely across the vessel nearly opposite to the anterior valve rudiments, 
afterwards becoming prominent and pyramidal in the centre, and extending 
gradually down the posterior surface of the vessel. The right and left ends 
of this ridge are the rudiments of the inner semilunar valves of each artery. 
As these growths enlarge, the forked septum grows downwards into the 
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artery, twisting gradually from left to right, its left leg passing between 
and separating the anterior semilunar valve rudiments, and its right leg 
growing into the central portion of the oblique ridge on the posterior sur- 
face, now becoming prominent and pyramidal, and separating from each 
other the rudiments of the inner valves. Between the outer and inner 
semilunar valves in each artery there is a vacant space left on the wall of 
the vessel, from which the outer semilunar valve in each artery afterwards 
grows out, the outer valves appearing later than the others. The division 
of the truncus arteriosus proceeds by the gradual growth downwards of the 
forked septum along the course of the ridge on the posterior surface, which 
gradually becomes more prominent, the right leg of the fork, which pro- 
ceeds along it, being always a little in advance of the other. The anterior 
or left leg of the fork corresponds with the right margin of the anterior 
aortic valve, and terminates almost immediately on the anterior surface, no 
ridge being formed along the anterior surface as there is along the pos- 
terior. As the forked septum between the aorta and pulmonary artery 
grows down the vessel, the semilunar valves gradually become more deve- 
loped, and the rudiments of the outer valves appear. They appear soon 
after the 117th hour of incubation, by which time the aorta and pulmonary 
artery are separated for some little distance. 

During these changes the aperture into the ventricle has become a rect- 
angular slit, passing horizontally backwards and to the right, and having a 
left-hand and a right-hand lip, the left-hand lip sloping from before back- 
wards and upwards into the artery, and joining the lower end of the ridge 
that has been graduaily forming on the posterior surface of the vessel. 
As the division proceeds the ends of each lip of the ventricular slit dis- 
appear, and the central portions, especially of the left-hand lip, become 
more prominent. By this a channel is left in front and towards the 
left, and behind and to the right. By the time the division has de- 
scended to the ventricular aperture, the original right-hand leg of the 
forked septum has wound round to the centre of the left-hand hp of the 
slit, the left-hand leg to the centre of the right-hand lip, so that the aortic 
channel has passed from front to back, and the pulmonary channel from 
back to front, the anterior portion of the ventricular slit thus becoming 
the root of the pulmonary artery, and the posterior portion the root of 
the aorta. 

The septum of the ventricles has been gradually forming during the 
process of division of the truncus arteriosus, and by the time the division 
and valves have descended nearly to the base of the ventricles, there re- 
mains merely an oval aperture in the upper portion uniting the ventricular 
cavities. It forms a short canal with a left ventricular border and a right 
ventricular border. The arterial infundibula are finally separated from 
each other by the union of the lower half of this right ventricular border 
with the lower border of the forked arterial septum. The anterior portion 
of the right ventricular border is continued upwards and forwards into the 
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termination of the original right leg of the fork in the central part of the 
left-hand lip of the ventricular slit, while the posterior portion passes off 
slantingly upwards and forwards as aridge, which forms the termination of 
the original left leg of the fork in the central part of the right-hand lip of 
the slit. Thus a twisted, hourglass-shaped aperture connects the arterial 
infundibula, by whose closure the pulmonary infundibulum and root of the 
pulmonary artery become separated from the root of the aorta and the 
canal of the aperture in the septum, which then becomes the aortic infun- 
dibulum. This process is completed about the end of the eighth day. 
The separation of the vessels does not become visible externally till it has 
advanced a considerable distance down the truncus arteriosus, and the 
semilunar valves are considerably developed. 

The division of the truncus arteriosus into the aorta and pulmonary 
artery does not therefore take place by the formation of two oppositely 
situated longitudinal ridges, and their subsequent growth together, but 
occurs, as above described, by the extension into it of a plane septum from 
between the fourth and fifth pair of branchial arteries, and which twists 
down the vessel along the line of a single thick pyramidal ridge which 
forms gradually on its posterior aspect. 

The formation of the semilunar valves is very closely connected with the 
process of division of the ¢runcus arteriosus, and the following are the new 
facts arrived at with respect to their origin and development :— 

1. It is a remarkable fact that the rudiments of the semilunar valves 
first appear on the interior of the truncus arteriosus at a considerable 
distance from the heart, near the termination of the truncus arteriosus in 
the branchial arteries, and not near the heart, as one might have been led 
to expect. 

2. It is also very remarkable that the rudiments of the anterior and 
inner semilunar valves of each artery make their appearance before the 
partition, which has already begun to separate the aorta from the pulmonary 
artery, has quite descended to that part of the truncus arteriosus in which 
these valves originate. 

3. The rudiments of the anterior semilunar valves of the aorta and 
pulmonary artery are the first to appear, those of the inner valve of 
each artery the next, and those of the outer valves the last. The deve- 
lopment of the last valve to appear remains behind that of the others 
throughout. 

4. The anterior valve-rudiments appear close together, rather on the 
right side of the anterior surface of the truncus arteriosus, about the 106th 
hour of incubation, simultaneously with the commencement of the division, 
and a short distance below it, and opposite the commencement of the 
ridge which forms on the posterior surface of the vessel, and which appears 
about the same time. 

5. The rudiment of the inner valve of each artery grows from the 
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corresponding side of the ridge which forms gradually on the posterior 
surface of the vessel, a little later than the anterior valves. 

6. The rudiment of the outer valve in each artery arises from that part 
of the inside of the wail of the truncus arteriosus left vacant between the 
outer margins of the rudiments of the anterior and inner valves soon after 
the 117th hour of incubation. It arises level with the other valves, when 
the aorta and pulmonary artery are already separated from each other for 
some little distance, and therefore a little nearer to the heart than the 
other valves, though still at a considerable distance from it. 

7. The anterior valve-rudiments commence as transverse thickenings of 
the interior of the vessel, sloping off above and below into the general 
surface of the vessel, and are separated by a slight groove. 

8. The inner and outer valves first appear as simple pyramidal thicken- 
ings of the vascular wall. 

9. All the semilunar valves are solid at first. 

10. The anterior and inner valves consist of one single segment for each 
valve. 

11. The outer valve is at first a single pyramidal eminence. It may 
remain single, or become deeply notched and develope into two valves, or 
even more. 

12. By the time the third valve in each vessel has appeared, the form of 
the valves has become more defined. They then have the shape of a short 


crystal of triple phosphate Me its flat surface being attached, its edge 
A~™ 


projecting into the vessel, and its ends sloping off upwards and outwards 
above, and downwards and outwards below. ‘The valves are more deve- 
loped in the direction of their length than transversely, and their course 
down the wall of the vessel is parallel to that which the axis of its canal 
afterwards assumes. 

13. About the 144th hour of incubation they are (though still solid and 
at some distance from the heart) sufficiently developed to close the canal 
of the vessel pretty completely, and to prevent much reflux of blood into 
its undivided portion. 

14. By this time the valvular function of the two lips of the opening into 
the ventricle has become abolished. 

15. The valves are further developed by the hollowing out of the solid 
pyramid above and near the wall of the vessel, while they grow in other 
directions. 

16. The pocketing of each valve commences in each in the order of its 
appearance, and begins in the anterior and inner valves of each artery 
about the time that their bases have descended to the level of the bases of 
the ventricles, z. e. at the 147th hour of incubation, and is distinct in these 
valves at the 165th hour. The pocketing of the outer valves is not 
distinct till much later. About the time that it commences, the valves 
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have assumed nearly their final positions with respect to the base of the 
heart, and the aperture of communication between the arterial infundibula 
is nearly closed up. 

17. After the complete separation of the aortic and pulmonary infun- 
dibula from each other, the further changes in the semilunar valves consist 
principally in increase in size and diminution in thickness, so that they 
become more and more membranous, part passu, with the growth of the 
other parts of the heart. | 

In the description given above of the division of the truncus arteriosus, 
it has been shown that the aperture in the septum of the ventricles does 
not close up entirely as is commonly supposed, but finally developes into 
the aortic infundibula. 

The fifth vascular arch on each side gives off the branch to the lung 
of that side, and becomes ultimately the corresponding branch of the 
pulmonary artery, according to the view long ago propounded by Von 
Baer. 

In conclusion I must thank several kind friends for assistance received 
from them during the preparation of this paper, which I here beg leave 
to acknowledge. In particular Dr. Beale, who has given me much 
valuable advice throughout ; the Rev. George Kempson and my cousin 
Mr. Charles Paddison, who sent me abundant supplies of fresh eggs; and 
Dr. Cayley, who kindly revised the translations from the German authors 
referred to. 


II. “ On the Phenomena observed to attend the propulsion of Lymph 
from one of the Lymphatic Hearts intoa Vein in the Frog.” By 
THomas Wuarton Jonzs, F.R.S., Professor of Ophthalmic 
Medicine and Surgery in University College, &c. Received 
March 28, 1868. 


(Abstract. ) 


An anemic frog, killed, as regards sensation and voluntary motion, 
without stoppage of the circulation, by plunging into water at 110° or 
120° Fahr., was laid open, and the posterior part of the anterior lymphatic 
heart of one side, in the niche behind and below the extremity of the large 
transverse process of the third vertebra, brought into view. By the removal 
of the skin of the back from over the scapular region, the part of the heart 
mentioned admitted of examination by transmitted light under a simple 
microscope—the lens 4-inch focus. It was seen that when the lymphatic 
heart contracted, a stream of lymph was propelled from it into a vein at its 
posterior border, and swept before it the blood in that vessel, whilst the 
flow from behind was arrested. As soon, however, as diastole of the 
lymphatic heart supervened, the flow of blood from behind became re- 
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established, and drove the lymph onward in itsturn. Systole of the heart 
now again ensuing, the lymph-stream propelled into the vein swept forward 
the blood in that vessel as before, whilst the flow of blood from behind 
was arrested; and so the same series of phenomena was repeated. 

It was thus seen that the phenomena attending the propulsion of lymph 
from the anterior lymphatic hearts of the frog into the veins at their 
posterior border, with which they communicate by a valvular opening, are 
essentially similar to those attending the propulsion of the lymph from the 
caudal heart of the eel into the caudal vein. 

The vein at the posterior border of the heart, after receiving the lymph, 
turned behind the large transverse process of the third vertebra, and passed 
forwards along the inner to the anterior border of the heart, where it inos- 
culated with the large blackish vein which runs up on the side of the neck. 

This large blackish vein was described by Professor Johannes Miller as 
issuing from the heart; but the author has not found it to do so. It is 
merely in close connexion, so that it is dragged backwards by communica- 
tion of the movement of the heart in contracting, and recoils forwards into 
its previous position when diastole takes place. 


III. “Researches on Solar Physics. Heliographical Positions and 
Areas of Sun-spots observed with the Kew Photoheliograph 
during the years 1862 and 1863.” By Warren De xa Ruz, 
Ph.D., F.R.S., F.R.A.S., Batrour Srewart, LL.D., F.R.S., 
F.R.A.S. (Superintendent of the Kew Observatory), and Brn- 
JAMIN Lorwy, F.R.A.S. Received March 31, 1868. 


(Abstract. ) 


In this paper the sun-pictures taken by the Kew photoheliograph for 
the years 1862 and 1863 are discussed ; the heliographic latitude and longi- 
tude of every spot is given, and the area of each group on each day when 
it was observed is expressed in millionth parts of the sun’s whole hemi- 
sphereal area. The Kew photoheliograph itself, as well as the instrument 
invented by Mr. De la Rue for measuring sun-pictures, have been already 
described by Mr. De la Rue in the Bakerian Lecture for 1862. These 
descriptions are not therefore repeated in this paper ; but, on the other hand, 
the method by which the heliographic position of spots is deduced from 
the measurements made is given at considerable length. 

The results of succeeding years, and their final discussion with reference 
to the sun’s elements, will be published hereafter. 
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IV. “The Specific Heat of Mixtures of Alcohol and Water.” By 
A. Durre, Ph.D., Lecturer on Chemistry at the Westminster 
Hospital, and F. J. M. Pacz. Communicated by C. Brooxz, 
M.A. Received March 26, 1868. 


(Abstract.) 


The authors have examined a number of mixtures of alcohol and water. 
They show that the specific heat of these mixtures, up to an alcoholic 
strength of about 36 per cent., is higher than the specific heat of water 
itself. 

Two methods were employed for estimating the specific heat exactly op- 
posite in principle. : 

The first consisted in heating a metallic weight to a certain temperature 
in a steam-oven, similar to that employed by Regnault in his researches, 
and then plunging it into the liquid the specific heat of which is to be 
estimated. The rise in the temperature of equal quantities of different 
liquids produced by the introduction of the same weight, heated to the 
same temperature, is inversely proportional to the specific heat of such 
liquids. 

Two weights and several calorimeters of different sizes were used. One 
of the weights was made of brass and weighed 246°49 grms., the other was 
of copper gilt weighing 614°49 grms. Both weights were made in the form 
of stout rings, and in the inner cylindrical opening of each a small fan- 
wheel was inserted. 

These rings, after being heated and let down into the calorimeter, were 
attached to a strand of worsted, and held freely suspended in the liquid of 
the calorimeter. The worsted had previously been twisted, and when now 
allowed to untwist it causes a rapid rotation of the ring. The fan-wheel 
fixed inside the ring thereby produces a current, which, passing through 
the ring, not only serves to mix the liquid thoroughly, but also consider- 
ably facilitates the rapid cooling of the weight. 

The calorimeters, as usual, consisted of cylindrical vessels made of very 
thin polished brass, supported on stretched silk cords, and surrounded by 
a double cylinder of tin-plate to prevent, as far as possible, any gain or loss 
by radiation. 

The temperature of the liquid was taken by a small thermometer, having 
a bulb 60 millims. long and about 2°5 millims. diameter. Each degree 
was divided into twenty parts, and by means of a telescope zy of a degree 
could be read off. 

The authors give experiments which prove that the high specific heats 
observed are not due to evaporation caused by the introduction of the 
heated metals into the calorimeter. 

The second method used was that generally employed. A certain 
weight of the liquid, the specific heat of which is to be estimated, enclosed 
in a suitable vessel, is heated and then plunged, vessel and all, into a 
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calorimeter containing a known weight of distilled water. The tempera- 
ture of the calorimeter will rise, owing to the introduction of the heated 
liquid, and the elevations in temperature produced by different liquids 
will, in this case, be directly proportional to their specific heats. 

The following Tables give the means of the various results obtained. 

Four series of experiments were made. In the first series the brass 
weight was employed ; it was heated to a temperature of about 98°C. In 
the second and third series the copper weight was used, heated to about 
98° and 42°C. respectively. The fourth series was conducted in the ordi- 
nary manner. 


Specific heat of 
5 per cent..spinit........222. Senes Li. .. eee 
EOvperieents Sprite! As Series I. 103°55 
Series II. 103°49 
Series III. 10383 
Series IV. 103°71 
Mean ........ 103°64 
20:-per cents /spiit. 2). 48. Series I. 104°16 
Series II. 104°27 
Series IV. 104°49 
Mean ........ O40 
30 per cent. spirit............ Senes If... ose aie 
36 percent. Spirits. ). vse: Series GE... cee 99°90 
45 percent. Spirits... sarees ae Series TL. 2. .2. oe 
Oo per Get. Spirit. 24 yt lah Series Hl. ......° 363388 


The authors finally draw special attention to the circumstance that the 
specific heat of these mixtures not only rises in some cases (up to an 
alcoholic strength of 36 per cent.) above the specific heat of water, but is 
above the calculated mean specific heat up to an alcoholic strength of 
about 74-80 per cent. ; beyond which it seems slightly below the calcu- 
lated mean according to the researches of Regnault and Kopp. 

The maximum elevation above the calculated mean coincides pretty 
closely with the point of maximum contraction. 
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J. “Researches on the Blood.—On the Action of Nitrites on the 
Blood.” By Arruur Gamers, M.D., F.R.S.E., Assistant to 
the Professor of Medical Jurisprudence in the University of 
Edinburgh. Communicated by Prof. Franxuanp, F.R.S. 
Received April 1, 1868. 


(Abstract. ) 


The paper commences with a statement of the facts with which we are 
at present acquainted, relating to the nature and character of the blood- 
colouring-matter, and its relation to gases. 

I. The action of nitrites in modifying the colour and spectrum of blood 
is then described. Under the influence of nitrites, arterial blood assumes 
a chocolate coloration. Coincidently the bands of scarlet cruorine (or 
oxidized hemoglobin) become very faint, and an additional absorption 
band, occupying the same position as that of acid hematin, appears. The 
addition of ammonia to blood in which nitrites have induced the charac- 
teristic change of colour and spectrum, causes the red colour to return and 
gives rise to a new spectrum in which the normal blood-bands are again 
better defined, but accompanied by a faint and rather undefined absorption 
band in the orange. It appears from the experiments of the author that 
the change in optical properties induced by ammonia is not due to any 
decomposing action exerted upon the body formed under the influence of 
nitrites; for on neutralizing the solution to which ammonia has been added, 
the original spectrum is reproduced. When sulphide of ammonium, or a 
reducing-solution of iron is added to a blood solution which has been acted 
upon by nitrites, all effects of their action disappear, and the solution again 


possesses the spectrum of oxidized blood-colouring-matter, although precau- 
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tions have been taken to exclude atmospheric air. The continued action 
of the reducing-solution then leads to the reduction of the blood-colouring- 
matter, which when shaken with air again yields the perfectly normal 
spectrum of blood. It would therefore appear that when nitrites act upon 
the blood-colouring-matter they do not decompose it, nor thrust out or 
remove the loose oxygen with which it is combined. 

IT. The author then describes a series of experiments instituted with the 
object of determining whether blood which has been acted upon by nitrites 
has lost its power of combining with the atmospheric oxygen. The appa- 
ratus and methods used are described, and it is shown that the amount of 
oxygen which nitrite-blood absorbs is much smaller than that absorbed by 
normal blood. 

III. In the next series of experiments the author made use of carbonic 
oxide gas as a reagent to indicate whether after the action of nitrites the 
loose oxygen of the colouring-matter is still capable of expulsion by CO. 
With this object the blood was arterialized by agitation with air and treated 
with a solution of a nitrite. After some time it was brought in contact 
with a measured volume of pure carbonic oxide; after being well agitated 
and allowed to remain in contact with it for some time, the gas was re- 
moved and analyzed. It was found in these experiments that, after the 
action of nitrites, the loose oxygen of the blood-colouring-matter (which 
the observations mentioned under I. had been shown to be neither expelled 
nor taken possession of by the nitrite) was so locked up as to be irre- 
moveable by carbonic oxide. 

IV. The methods which have been employed by other observers for re- 
moving the gases from the blood are then examined, and the author de- 
scribes the way in which he employed Sprengel’s mercurial aspirator to 
effect the object which he had in view. He shows that with this imstru- 
ment and following his method, the gases of the blood ‘may be separated by 
boiling in vacuo during twenty-five or thirty minutes. 

The gases of both normal blood and blood treated with nitrites were 
boiled out in vacuo, their amount estimated, and their composition deter- 
mined. It is shown that when blood has been acted upon by a nitrite, the 
amount of oxygen which can be removed by ebullition in a very perfect 
vacuum is immensely diminished, the greatest difference being perceived 
when the nitrite had been in contact with the blood during the longest 
period of time. 

V. Although blood which has been eee upon by nitrites has, to a 
great extent, lost its power of absorbing oxygen, it still retains the property 
which normal blood possesses of ozonizing the atmospheric oxygen. Ni- 
trite-blood reacts with guaiacum paper exactly like normal blood, and when 
added to a solution of peroxide of hydrogen, it causes an evolution of oxygen. 

VI. The changes in the optical properties of blood are shown to be due 
to the formation of compounds of the nitrite used with oxidized heemo- 
globin; these compounds, with the exception of that with nitrite of silver, 
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present the same crystalline form, colour, and spectrum, whatever the nitrite 
which has been employed. The author has obtained compounds of heemo- 
globin with nitrite of sodium, potassium and silver, and with nitrite of amyl. 
The methods of preparing them are described, and the results of analysis 
given ; these show that the amount of a nitrite which adds itself to oxidized 
heemoglobin varies considerably. 

Having stated the conclusions which he thinks may legitimately be 
drawn from his investigations, the author concludes by making some obser- 
vations upon the relation which the compounds of nitrites with hemoglobin 
bear to the previously known hemoglobin compounds. 

We have hitherto been acquainted with heemoglobin itself, as well as 
with its O, CO, and N, O, compounds. 

These compounds are all isomorphous, and possess almost the same 
physical characters; in each of them hemoglobin free from oxygen (2. ¢. 
reduced hemoglobin) has apparently linked to it a molecule of O, CO, or 
N, O, respectively, the stability of the compound being least in the case of 
the O, and greatest in that of the N,O, compound. All these bodies, and 
preeminently the O compound, are examples of a class of bodies which 
stand, as it were, on the boundary line which separates chemical from 
physical combination, being examples of the class to which the term “‘ mo- 
lecular compounds ”’ has been given. Like other molecular compounds, their 
composition varies extraordinarily within certain limits, and is influenced 
by circumstances and conditions which have no action on chemical com- 
pounds proper. 

That a bedy possessing such a very complicated molecular structure as 
hemoglobin should present numerous points of attachment, as it were, for 
the linking on of such active condensed bodies as the nitrites is not impro- 
bable; nor is it remarkable that, as in the case of other combinations “ of 
a molecular kind,”’ such as the union of salts with their water of crystalliza- 
tion, of sugar with bases, of albumen with metallic oxides, of the com- 
pound ammonias with iodine, the amount of the new and more simple 
body added to the hemoglobin should vary within wide limits. 

Simultaneously with the researches which the author has conducted on 
the action of nitrites on blood, those now being made by Hoppe Seyler * 
and Preyer +, although discrepant in many particulars, seem to show that 
hydrocyanic acid possesses, like nitrites, the power of linking itself to oxi- 
dized hzemoglobin, forming a body which is isomorphous with it, but 
possessing a different absorption spectrum, and incapable of absorbing 
oxygen. 

This body appears not to possess the power of ozonizing the atmospheric 
oxygen, a fact which is strange, as, besides being possessed by the O com- 


* Medicinisch-chemische Untersuchungen. Zweiter Heft, 1867, Cyanwasserstoffhamo- 
globinverbindungen, p. 201. 
t Die Ursache der Giftigkeit des Cyankalium und der Blausaure, von 'W. Preyer. 
Virchow’s Archiv, Bd. xl. 21 Hft, Sept. 1867, 
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pound, this property is also possessed by the CO and N, O, compounds of 
hemoglobin, as well as by the nitrite compounds of oxidized hemoglobin. 
It is probable that we may now find that a large number of condensed bodies 
have the property, like the nitrites, of forming combinations with the blood- 
colouring-matter. 


II. ‘ Microscopical characters of the rhythmically contractile 
Muscular Coat of the Veins of the Bat’s Wing, of the Lym- 
phatic Hearts of the Frog, and of the Caudal Heart of the 
Eel. In Three Parts.—Part I. Microscopical characters 
of the rhythmically contractile Muscular Coat of the Veins 
of the Web of the Bat’s Wing.” By THomas WuHarTon JONES, 
F.R.S., Professor of Ophthalmic Medicine and Surgery in 
University College, &c. Received April 8, 1868. 


(Abstract.) Z 


This is Part I., of a series of three, of a paper on the microscopical 
characters of rhythmically contractile muscular tissue, other than that of 
the blood-heart. It comprises a reexamination of the microscopical cha- 
racters of the rhythmically contractile muscular coat of the veins of the bat’s 
wing, and is offered by the author as Appendix No. 3 to his paper in the 
Philosophical Transactions for 1852, entitled “ Discovery that the veins of 
the Bat’s Wing (which are furnished with valves) are endowed with rhyth- 
mical contractility, ‘and that the onward flow of the blood is accelerated 
by each contraction.’ This reexamination supplies additional details, 
illustrated by more correct figures, confirmatory of the author’s previous 
description of the microscopical characters of the muscular coat of the 
veins of the bat’s wing. The author examines also, by way of comparison, 
the fonically contractile muscular coat of the arteries, and points out that, 
though the fibrils of the muscular coat of the veins do not present trans- 
verse markings, they differ in their microscopical characters as much from 
the fibrils of the muscular coat of the arteries, as the transversely striped 
muscular fibrils of the bat’s heart do from them. He insists, therefore, 
in conclusion, that there are no grounds for an implied physiological form 


of the doctrine of isomerism, viz. similarity of structure, with different 
endowments. 


Part IJ. “ Microscopical characters of the rhythmically con- 
tractile Muscular Coat of the Lymphatic Hearts of the Frog.” 
Received April 13, 1868. 


The author, in this second part of his paper, first calls attention to the 
fact that, on viewing the anterior lymphatic heart from the front, after 
dissecting down upon it from the back, he sometimes found its cavity 
filled with air or blood. The way by which the air or blood had entered 
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he considers to have been through the lymph-spaces opened into in the 
course of the dissection ; and the mode of entrance he considers to have been 
by suction during diastole of the heart. The sucking action, by which the 
heart thus draws air or blood into its cavity when the lymph-spaces are cut 
into, must operate, according to his view, as a means of promoting the 
flow of lymph in the natural state. After describing the mechanism of 
the process, the author examines the microscopical characters of the proper 
muscular tissue composing the wall of the lymphatic heart. The result of 
his observations on this point is, that the muscular tissue of the lymphatic 
hearts of the frog is similar to that of the veins of the bat’s wing, as regards 
both its granular semitransparent aspect and the breadth of its fibrillations, 
whilst it differs from the muscular tissue of the blood-heart of the animal 
in being destitute of transverse markings. 


Part III. ‘ Microscopical characters of the rhythmically con- 
tractile Muscular Coat of the Caudal Heart of the Hel.” Re- 
ceived April 21, 1868. 


The caudal heart of the eel lies in a kind of framework on the abdominal 
aspect of the extreme end of the vertebral column. The body of the’last 
caudal vertebra forms the dorsal side of this framework, and a ridge of 
bone, extending along its concave abdominal aspect, must project into the 
caudal heart, partially dividing it into right and left compartments. The 
caudal heart of the eel would thus appear to represent the two caudal 
sinuses of certain other fishes run into one. 

From the manner in which the caudal heart is connected with the sur- 
rounding structures of the tail, its movements are communicated to them 
as described in the author’s paper, entitled ‘‘The Caudal Heart of the 
Eel, a Lymphatic Heart,’ &c. By the elastic recoil of the structures, on 
the other hand, the cavity of the heart is drawn into a state of dilatation ; 
and the result must be, as in the analogous case of the anterior lymphatic 
hearts of the frog, that lymph will be forced into the heart from the 
adjacent lymphatic vessels or spaces. 

The muscular fibres composing the walls of the caudal heart resemble 
in shape the sheathed primitive fasciculi of the muscles of the skeleton, 
but are only half as broad, and they are not transversely striped. They 
have a granular aspect, and on close examination are found to be a fasciculus 


of fibrils a of an inch broad, contained in a delicate structureless 


sheath. These fibrils resemble the fibrils of the muscular coat of the veins 
of the bat’s wing, and of the muscular coat of the lymphatic hearts of the 
frog, and may be grouped, the author thinks, together with them under a 
common head, viz. unstriped rhythmically contractile muscular fibrils. 
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III. “ On Waves in Liquids.” By W. J. Macquorn Ranxrnn, | 
C.H., LU.D., F.R.S. Received April 16, 1868. 


(Abstract.) 


~(1) Object of this Paper.—It has long been known that in an uniform 
eanal filled with liquid, the speed of advance of a wave in which the horizontal 
component of the disturbance is uniform from surface to bottom is equal to 
the velocity acquired by a heavy body in falling through half the depth of 
the canal. .But, so far as I know, it has not hitherto been pointed out 
that a similar law exists for waves transmitting a disturbance of any possible 
kind in’a liquid of limited or unlimited depth, provided only that the 
upper surface of the liquid is a surface of uniform pressure. ‘The object 
of this paper is to demonstrate that law, and to show some of its applica- 
tions. | 

(2) Velocity of Advance defined.—Throughout this investigation the ve- 
locity of advance of a wave will be defined to be the mean between the velo- 
cities with which the shape of the wave advances relatively to a surface- 
particle at the crest, and to a surface-particle in the trough respectively. 
In ordinary rolling waves the velocities of particles in those two positions 
are equal and contrary, so that the speed of advance as above defined is 
equal to the speed of advance of the wave relatively to the earth. A wave 
of translation in which the velocities of particles at the crest and hollow 
are not equal and contrary, may be regarded as produced by compounding 
the motion of a rolling wave with that of a current whose velocity is half 
the difference of the velocities of those particles. 
(3) Relation between height of wave and horizontal disturbance at the sur- 

face.—The following relation between the height of a wave and the horizontal 
disturbance of the surface-particles has already been proved and made use of 
by various authors ; and it is demonstrated here for convenience only. Let 
+u,and —-u, be the velocities of a surface-particle at the crest and trough of 
a wave respectively. Let abe the velocity of advance of the wave as defined 
in article 2. Conceive a horizontal current with the uniform velocity —a 
to be combined with the actual wave-motion ; the resultant motion is that 
of an undulating current, presenting stationary waves in its course; and the 
forces which act on the particles are not altered. The resultant velocity of 
a particle at the crest becomes —a+u,; and the resultant velocity of a par- 
ticle in the trough becomes —a—uw,. Let the height from trough to 
crest be denoted by Az; then, since the upper surface of the liquid is sup- 
posed to be a surface of uniform pressure, the principle of the conservation 
of energy gives the following equation : 


gAz=3{(a+u,)’—(@—u,)}=2au,,. . ... » (1) 

(4) Virtual Depth of Uniform Horizontal Disturbance.—By the phrase 
‘virtual depth of uniform horizontal -disturbance,’’ or, for brevity’s sake, 
virtual depth, I propose to denote the depth in the liquid to which an uni- 
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form horizontal disturbance would have to extend, in order to make the 
amount of horizontal disturbance equal to the actual amount. That is to 
say, conceive that a pair of vertical planes normal to the direction of ad- 
vance, and each of the breadth unity, coincide at a given instant, one with 
the trough-line or furrow, and the other with the crest-line or ridge, which 
bound one of the slopes of a wave. We will suppose this to be the front 
slope, merely to fix the ideas; for similar reasoning applied to the back 
slope leads to the same results. Ata given depth ¢ below the surface, let 
—u!' be the horizontal velocity with which particles are in the act of pass- 
ing backwards through the plane of the trough, and +! the velocity with 
which particles are passing forwards through the plane at the crest; then 
the rate by volume at which liquid is passing into the space between those 
two planes is 
fuldz+ f allde ; 
the integrations extending from the surface to the bottom. Let & denote 
the virtual depth; then 

i" 
IMEI Sounsoh, oyi{\O,(0F) (2) 
2 2u, 

(5) Relation between Virtual Depth and Speed of Advance.—In an in- 
definitely short interval of time dé, the volume of liquid which passes into 
the space between the two vertical planes mentioned in article 4, is 


2hu,dt ; 
and in order to make room for that volume of liquid, the front slope of the 
wave must sweep in the same interval of time through an equal volume. 
But the volume swept through by the front of the wave is 
adt&z ; 
so that, cancelling the common factor dz, we have the following equation : 
ake=2khu; ; 


i 


2 . ; j é 
but, according to equation (1), Az= pe ; which value being substituted in 


the above equation, gives 
207u, 


g 


=2ku., 


and therefore 
Sek and a= Vgky 92 6 ee B) 
g 


so that the velocity of advance of a wave (defined as in article 2) is equal 
to that acquired by a body in falling through half the virtual depth; and 
this is true for all possible waves in which the upper surface is a surface of 
uniform pressure. 

(In article 6 of the paper, the speed of advance of a wave of translation 
is expressed by combining the speed of a rolling wave, “gk, with that of 
a supposed current, as stated in article 2. 
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In articles 7, 8, and 9 the law which connects the speed of advance of a 
wave with the virtual depth is compared with the already known laws of 
the transmission of rolling waves in water of limited or unlimited depth, 
The principal results may be summed up as follows. Let T be the periodic 


_ 2 
time of a wave, in seconds; isk the equivalent pendulum, that is, the 
Tv 


length 
aT 

radius, being the radius of a circle whose circumference is equal to a wave- 

length ; uv, the greatest horizontal velocity, and w, the greatest vertical velo- 


city of a surface-particle ; a the velocity of advance; then 


height of the pendulum whose period is the same; ¢= the rolling 


and 


(10) Oblique Advance of Forced Waves.—Let s be the velocity with 
which a floating solid body is driven horizontally ; the wave which that 
solid body pushes or drags along with it is forced to advance at the 
velocity s also; while the virtual depth of disturbance, k, bears some rela- 
tion to the depth of immersion and figure of the solid body. If the speed 
of advance corresponding to that depth, a= 4/g/, is less than s, a pair of 
wave-ridges diverge obliquely from the path of the fluating body towards 
opposite sides ; and the sine of the angle which each of those ridges makes 


with that path is “Such is the mode of formation of the obliquely spread- 
oy 


ing waves which travel along with ships*. 

When the velocity of the floating body is less than the speed of advance 
corresponding to the depth to which it disturbs the liquid in its immediate 
neighbourhood, it is probable that the virtual depth of disturbance of parts 
of the liquid beyond the immediate action of the floating body adjusts itself 

2 
to the velocity, and assumes the value eS 

11. Possibility of Obliquely Advancing Tidal Waves.—It is possible that 
instead of a depth less than the virtual depth corresponding to the speed of 
advance of a tidal wave, the ridge of that wave may place itself in a position 
oblique to the parallels of latitude, according to the principle stated in 
article 10. It still remains to be ascertained, by the study of tidal obser- 
vations, whether such phenomena take place in the tides of the ocean. 

12. Terminal Velocity of Waves.—It is known that in deep water all 
waves left free from the action of disturbing forces tend ultimately to assume - 
the condition of free rolling waves whose velocity of advance depends en 


* See Watts, Rankine, Napier, and Barnes, ‘On Ship-building,’ Division I. Article 156, — 
Dado: 
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their periodic time, and is expressed by the equation a= = This, then, 
may be called the éerminal velocity of a wave of a given period. It follows 
that if a wave is raised through the disturbance produced by a solid body, 
that wave will at first travel with aspeed depending on the virtual depth of 
the original disturbance; but as it advances to a greater and greater dis- 
tance from the disturbing body, the velocity of advance will gradually ap- 
proximate to the terminal velocity corresponding to the periodic time, and 
the virtual depth will continually adjust itself to the changing velocity, and 
approximate gradually to the equivalent pendulum corresponding to the 
periodic time. Suchis the cause of the forward curvature cf the ridges of 
the obliquely diverging waves which follow a ship*. 


May 14, 1868. 
Lieut.-General SABINE, President, in the Chair. 
The Right Hon. the Earl of Rosse was admitted into the Society. 
The following communications were read :— 


I. “Scientific Exploration of Central Australia.” By Dr. G. 
NeumMayrer. Communicated by the President. Received 
April 20, 1868. 


If we look on a map of the Australian continent published ten years 
ago, we are struck by the immense expanse of land then unexplored; we 
perceive at a glance that the south-eastern sea-board only of this great 
continent had then been examined with any degree of accuracy, and that 
very little was known to us respecting the character of its shores on the 
west and north-west. In two quarters only had the zeal and daring of the 
explorer succeeded in forcing a path towards the central portions of this 
vast territory, Sturt having penetrated as far as 24° South and 138° Kast, 
and Gregory as far as 21° South and 128° East. The nature of the coun- 
try traversed by these two eminent explorers was such as to countenance 
the supposition, that the mterior of Australia was little better than one vast 
desert, offering almost insurmountable obstacles to exploration. The idea, 
originally advanced by Oxley, that the greater part of the interior was 
occupied by vast inland lakes, was then abandoned; and the theory just 
mentioned took its place. In such a state of utter uncertainty as to the 
nature of the interior of a vast continent, it is but natural that various 
theories should be started ; and no doubt they will, in the end, help to keep 
up the spirit for rigorous examination and exploration, yet care must be 
taken that they do not, by the unfavourable nature of their suppositions, 
tend to discourage enterprise. From sucha danger we had a narrow escape 


* This is explained in greater detail in a paper read to the Institution of Naval Arcli- 
tects on the 4th of April 1868, 
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during the years following A. C. Gregory’s exploration of the interior, and 
his expedition in search of Dr. Leichhardt, as at that time it was generally 
believed that the arid plains and stony deserts met with in the east and 
south, and the sandy desert in the north-west, were but the outskirts of 
a desert country unparalleled on our globe. 

Fortunately, however, for the progress of civilization and geographical 
knowledge, this unfavourable opinion as to the nature of the interior was 
not universally entertained. Many men, well versed in terrestrial physics, 
especially with reference to the Australian contment, could not, from rea- 
sons based upon meteorological observations made in the south-east, concur 
in the prevailing belief. ‘They urged the possibility of tracts of fine coun- 
try interspersing the so-called desert, and the necessity, in any case, of 
clearing up the mystery still surrounding this important geographical 
question ; and in this view they were strongly supported by the improba- 
bility (generally speaking) of the existence of a desert country of such 
enormous extent and such a description in any part of the earth’s surface. It 
would be useless to enter now upon the arguments for and against the various 
opinions set forth during that period of uncertainty, except that they might 
in some instances serve to put us on our guard against advancing or accepting 
bold conjectureswhich may be put forward at any future time, and more par- 


ticularly in the special case we have to deal with in this paper. Suffice it — 


to say, that the spirit of enterprise and the desire of increasing our geogra- 
phical knowledge triumphed at last. The year 1860 gave a fresh impulse 
to Australian exploration, and will for ever be memorable as having inau- 
gur ated a new era in this respect. In the end of that year and the begin- 
ning of 1861, Burke and Wills crossed the continent with comparative 
ease. It was now said by many of the adherents of the old desert doctrine, 

that Burke had merely hit upon a narrow strip of good country, which 
carried him across; had he but deviated to the one side or.the other of 
his path he must have failed in his attempt. But when M‘Dougal Stuart 
three times crossed and recrossed the continent in other parts, and the last 
time from shore to shore—when M‘Kinlay made his way from South 
Australia, by way of the Gulf of Carpentaria, to the coast of Queens- 
land, driving before him a flock of sheep—when Walker and Landsborough 
had accomplished their journeys through the imaginary desert country— 
the old opinion could no longer be maintained, and the desert theory fell 
utterly into diseredit, at least as far as the eastern part of the continent is 
concerned. Since that time this once so much dreaded task has been several 
times successfully accomplished, so that we are now enabled to give a pretty 
accurate description of the features of the country forming the scene of 
these glorious achievements; and as it will doubtless prove of material 
assistance to the complete understanding of the following exposition and 
plan, I may here be permitted to give in a few words an outline of the 
main character of the ground to the north of the parallel of latitude 26°, 
between the coast-ranges of Queensland and Stuart’s route through the 
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centre, which embraces nearly the whole of the country discovered and 
examined since 1860. 

From the records of the various explorers, it would appear that the line 
which divides the waters flowing to the coast, and those flowing to the in- 
terior, runs from 194° S. on Stuart’s track to 19° S. latitude on Lands- 
borough’s south-west expedition, in 138° east longitude. According to 
Mr. M‘Intyre’s apparently reliable observations, this line would then pass 
through 22° 8. in 1413° E., whilst M‘Kinlay places in the same locality 
the watershed between the Middleton and Miller rivers, in a latitude but 
slightly differing from that just named; and in Walker’s Diary we find it 
passing through 213° S. and 145° E., where I find the highest elevation 
recorded by the latter explorer on his expedition in search of Burke and. 
Wills. Mr. A. C. Gregory’s exploration places the continuation of this 
line of watershed through the north-west in 13° S. and 130° E., whilst in 
the east it meets the main watershed between the Belyando and Thomson 
on the one side, and the Burdekin and Flinders on the other, in about 21° 
S. and 1453° KE. (See accompanying map.) The sweep of this line leads 
across a sandstone tableland of considerable elevation—in parts even as 
high, if we may rely on the data hitherto collected respecting it, as 1900 
or 2000 feet. On its coast side this tableland inclines somewhat abruptly, 
whilst towards the interior it slopes more gently, thus affording a ready 
explanation of the marked difference existing between its river-systems, 
those flowing in the former direction passing through well-defined valleys, 
while those in the latter direction run generally in shallow beds, and are 
consequently subject to excessive evaporation and inundation according to 
the season of the year. The general incline of the country from longitude 
145° to Stuart’s track in about 135° is towards south-west, until reaching 
near the latter its lowest point, as we feel justified in concluding from the 
great number of hot springs on the route Stuart pursued when crossing the 
continent. This immense tract of land abounds in creeks and ill-defined 
water-courses. In many cases the dividing or separating ridges of sand- 
stone are (probably from the effects of flocds and weather) broken up, and 
cover the surface, which then presents a desert-like appearance, only here 
and there covered with a scanty vegetation, consisting mostly of Spinifex 
(Triodia irritans). Very frequently, however, these ridges have succeeded 
in resisting the destroying effects, and we then meet with valleys of good 
soil, covered with fine grass and gum forest; which state of things, hap- 
pily for the future of the Australian continent, seems to predominate, as 
we learn from the reports of explorers who passed through fine country 
after having once entered the tropic. These water-courses of the interior 
basin drain partly towards the Barcoo River (Cooper’s Creek), partly to- 
wards the south, splitting up into innumerable little creeks and rills with- 
out any definite direction. As an example of the latter kind may be men- 
tioned the Burke Creek, which at times causes immense inundations in the 
tract of country near 25° S, and 140° E., as we learn from the reports of 
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Burke, Wills, Howitt, M‘Kinlay, and Gregory. To the south of this region 
the at one time so much dreaded ‘‘Stony Desert” seems to extend in the 
manner indicated on our map; and it certainly bears every appearance as if 
this region of sandstone was principally caused by the effects of the inun- 
dations and floods already referred to. For whereas it is very easy to trace 
this peculiar phenomenon to the south, it is hardly possible to define it 
exactly towards the north, which fact accords well with the explanation of 
its true origin just suggested. The careful researches of Mr. B. Hassen- 
stein* have tended to throw new light upon this subject, and reduce the 
Stony Desert to its proper limits. We know now that the arid plains de- 
scribed by some explorers, which others had found well grassed and covered 
with an even luxuriant vegetation, are the receptacles of the waters flowing 
from the north, and form the boundary of the Stony Desert; we know. 
moreover that extensive tracts of fine country are interspersed with strips 
of “stony desert’? of a very limited extent. Such is the nature of the 
whole country, as far as we know it, from the meridian of 145° to Burke’s 
track. Of the country between the latter’s course and that of Stuart very 
little is known ; but it is not unreasonable to suppose that it will prove to 
be mostly of the same description as that already well known to us, as it 
forms only the lower part of the interior basin above described, the very 
bottom of which we have been made tolerably well acquainted with by 
Stuart’s exploration, which bears out that supposition. Further to the 
west, in the unknown country between Stuart’s track and the west coast, 
the same sandstone tableland probably rises again to the high ranges which 
have been observed by the various explorers who have penetrated into the 
interior from the west, attaining in some parts an elevation of from three 
to four thousand feet above the ocean. ‘Therefore it is not at all unlikely 
that we shall find in the western half of the central basin in the main the 
same state of things which we have found to exist in the east, with but such 
slight modifications as may be determined by the configuration and lay of 
the country in connexion with the prevailing system of winds and contin- 
gent meteorological phenomena. 

In order to complete the general description of this portion of the Au- 
stralian continent, we must call to mind the effect a tropical and subtro- 
pical sun must naturally exert upon a territory constituted as this interior 
tableland. During the time the sun is north of the equator, in the winter 
months of the southern hemisphere, the prevailing winds are from south- 
east all over the northern continent, with little and only occasional rain ; 
but on the sun’s approach, during October and November, the monsoon 
shifts to north-west, and brings on the rainy season, gradually advancing 
from south to north in the middle of December and January. At the end 
of this season, in February and March, and about the time preccding the 
shifting back to south-east of the monsoon in April, the heavy falls of ram 
and the soaked state of the soil cause those immense floods which are 


* Petermann, Mittheilungen, 1867, p. 80. 
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recorded in the Journals of the various explorers; and it is during this 
period that in the territory south of the Burke Creek and north of the 
Stony Desert, as we have already explained, great ravages are caused by 
inundation. Further to the south the meteorological phenomena of the 
northern portion of the continent pass gradually over to those prevailing 
in the south, namely that of two alternating currents of air, with winter 
rains and a short rainy season in September and October. 

Great as have been the recent achievements with regard to the geoora- 
phical knowledge of the continent, comparatively little has been done by 
any one of the exploring expeditions towards the advancement of science. 
Information calculated to throw light on the elevation of the interior or on 
its geological character flows very scantily from the journals kept by the 
explorers; and even the astronomical determinations of localities must, at 
least as far as longitude is concerned, be received with caution, as the means 
at their disposal, the comparatively small practice of most of the observers 
in determinations of this kind, and the very methods employed, would hardly 
admit of anything like a close approximation to the truth. Indeed we may 
safely assert that it would have been scarcely compatible with the general 
pioneering object of parties in the field since 1860 to have devoted more 
attention to matters of science, strictly speaking, than was sufficient to 
carry them through the difficulties they had to encounter. Perhaps it may 
not be considered out of place if I express here my deep regret, on this very 
grouud, for the untimely death of my young friend, W. J. Wills, the as- 
tronomer of Burke’s expedition; for, had he but survived his first feat, 
there can be but little doubt that his zeal for the advancement of science, 
and the knowledge he had obtained during the time he was on the staff of 
the Observatory over which I then presided, would have enabled him to 
take the first place as a scientific explorer, whereas we can now only admire 
him for his courageous and enterprising spirit as a pioneer. This hope, 
however, is at an end ; and up to the present time absolutely nothing has 
been done towards the scientific examination of the vast interior of Austra- 
lia—an examination of such immense importance for the advancement of 
almost every branch of physical science, and for the development of the 
natural resources of this great country. It is with regard to this matter that 
I venture to address this Society, with the view of soliciting its im- 
portant assistance in starting an expedition, having for its object the ex- 
ploring of the western half of Australia, and the scientific survey of the 
rcute across the entire continent. 

When the celebrated Australian explorer, Dr. Leichhardt, started on the 
expedition which was to be his last, he did so with the intention of crossing 
the continent from east to west, for the purpose of discovering the extent 
of Sturt’s desert, and the character of the western and north-western coas , 
and of observing the gradual change in vegetable and animal life from 
one side of the continent to the other*. I¢ is now exactly twenty years 


* History of Discoyery and Exploration of Australia, by the Rev. J. E. T. Woods, 
vol. ii. p. 518, 
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since this grand idea was conceived and attempted to be carried out. The 
last news of Dr. Leichhardt is dated April the 3rd, 1848. Subsequent to 
this date nothing has been heard of him ; and deep mystery still surrounds 
his fate, notwithstanding the many efforts which have since been made, 
originally to rescue the explorer and his party, and subsequently, when all 
hope of again seeing any of them alive was abandoned, to ascertain the 
manner in which they perished, and the locality where it occurred. No 
doubt, to many it may Lave appeared premature on the part of Dr. Leich- 
hardt to have entered upon such an undertaking at a time when go little 
was known of the nature of the interior as to make it utterly impossible to 
lay down a route across the continent on any other ground than that of 
mere conjecture. Circumstances, however, have since that time changed 
considerably ; at least one half of the continent has since been explored in 
such a way as to make us acquainted with the natural resources an explorer 
may expect to meet with and turn to account, whilst even from the western 
coast numerous expeditions have tended to diminish the risk with which 
such an undertaking would be invested. And in directing the attention of 
this Society to Dr. Leichhardt’s idea, with the view of seeing it carried out, 
I do so with the conviction that now the proper time has arrived for taking 
in hand an enterprise of such importance for the future of the Australian 
colonies, and especially for the advancement of science, and thereby mani- 
festing alike our appreciation of the various interests at stake, and of the 
noble mind who risked all he had in their furtherance. In the execution 
of such a work, its scope may now be materially extended. Instead of a 
rough survey ona single line from north-east to south-west, with an appa- 
ratus which allowed of but a limited attention being paid to strictly scien- 
tific matters, it is now. proposed to form a base-line for the various branches 


of science through the interior of a vast continent. That such a work can ~ 


now no longer be regarded as impracticable or premature, and that its suc- 


cessful completion cannot be otherwise than replete with the greatest inte- - 


rest, I hope to be able to show in the course of this paper. 
After these introductory remarks, I shall proceed to detail the plan 
which I propose to follow in carrying out the exploration of the western 


half of the continent, and the scientific survey of the line of route to be- 


followed in traversing the interior from the east shores of Queensland to 
Western Australia. 

It is proposed that the expedition be organized in Queensland, probably 
on the Burdekin, near Port Denison, in 20° south latitude. From a point 
in 20° South and about 148° East it will strike out for a point in 243° 
South on Stuart’s track. So far the interior has to some extent been 
explored already, and it can be predicted with some degree of certainty, 
with what difficulties and with what facilities the expedition will probably 


meet*. From this point, which I designate on the accompanying map _ 


by the letter B, the original starting-point being A, to the south-western 


* The greater part of the country between the east coast and Burke’s track will pre- 
bably have been taken up for squatting purposes in a yery few years. 
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extremity of the continent, nothing is known; and in choosing a prac- 
ticable route, we must be guided entirely by surmises as to the nature 
of the country, based upon the supposition that we shall most probably 
have to deal with a state of things in the west very similar to that already 
known to exist in the east. Ishall, in the first place, however, lay down 
the entire course, and then enter upon my reasons for having done so. 
From point B I propose keeping nearly on the same parallel as far as 
point C, in longitude 125° Hast; from thence proceeding on the same 
meridian to a point in 27° South, and thence to a point D in 1163° Hast 
and 314° South. Near the latter point, on our route to Perth in Western 
Australia, we shall strike the Swan River. The entire distance on that 
route is about 2649 miles, of which 1080 comprise the distance from 
A to B, and the remainder that from B to C and D, an allowance of 
20 per cent. being made for curvature, which percentage must always be 
understood when reference to distance occurs in the course of this paper. 

As a close examination of the country traversed is the primary object of 
the expedition, it is proposed to accomplish it in thirteen stages, so that 
fourteen separate depots will have to be established during its progress, 
each depot being intended to be retained only for such a time as will be 
requisite for the survey and exploration of the surrounding country, and 
for the formation and transport to the next. From A to B the number of 
depots will be six, so that the average distance between two consecutive 
depots will be 216 miles, while from B to C and C to D there will be eight 
depots, with an average distance of 200 miles. On the map these depots 
are marked; but it is evident that it is next to impossible to assign them 
their proper positions with any degree of accuracy, as these will depend so 
much upon circumstances at present almost entirely unknown to us. It is 
only for the Jine from A to B that we are enabled to fix with any certainty 
the positions of such depots, as we are already acquainted with some loca- 
lities the nature of which will probably recommend them for such a pur- 
pose. Thus we should propose fixing depot No. 2 on the meridian of 145° 
and near Walker’s track, depot No. 3 on the Middleton River of M‘Kinlay, 
depot No. 4 near the “fine open plains” of Burke and Wills, and depot 
No. 6 on Stuart’s track somewhere between the Fincke and Hugh rivers, 
im each of which cases the country is described as well grassed and provided 
with permanent water. For depot No. 6, and depots 7 to 12, we have no 
data whereby to guide us, until we again approach the regions already ex- 
plored from the west. As it is proposed from these various depots to strike 
out in different directions, they will have also to be selected with a view to 
enable these minor expeditions to yield the greatest possible amount of in- 
formation with respect to the largest possible tracts of country. 

With reference to the time required for accomplishing the whole expe- 
dition in a manner commensurate with the scientific objects of the under- 
taking, it may be said, that it is proposed to devote three years and six 
months to it, of which fifteen months are taken up by the examination of 
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the country between A and B, and twenty-seven months for the exploration 
and scientific survey of that part of the route within the entirely unknown 
region between points B and D. Now let us examine what prospects of 
success this would allow for the performance of the task proposed. The 
distance from the Burdekin to Stuart’s track may easily be travelled through, 
at the moderate rate of ten miles a day, in 108 days, or three months and 
a half, allowing a time of stay in each of the several depots of nearly two 
months (1'9). For the route through the western country, the time has 
been increased at a rate proportionate to the increased risk incurred and 
the care to be bestowed upon the explorations within its regions. The time 
requisite to travel over the line from B to D would be about five months 
and a half, which would allow of a period of stay in each of the depots of 
2°4 months ; counting, however, depot No. 6 twice, as it is proposed, for 
reasons presently to be explained, to prolong the stay at that point beyond 
the time generally allowed to the other depots. From this exposition, it is 
evident that ample opportunities are offered for an exact study of the ground 
travelled over with reference to the various branches of science to be in- 
cluded in the scope of the entire work. This will become still more appa- 
rent on the further unfolding of the details of the organization of the expe- 
dition. Dry. Leichhardt intended to travel over nearly the same distance 
in about two years and a half, and that too without having also, as regards 
the eastern portion of the Continent, any information whatever to guide him 
in his route; and it was probably to some extent owing to the insufficiency 
of time allowed by him for the carrying through of such an extensive un- 
dertaking, and the consequent deficiency of provisions and outfit, that he 
failed in its accomplishment. The extent, moreover, of the scientific labours 
proposed to be undertaken on this occasion is something widely different 
from what explorers twenty years ago could attempt, and is such as would 
of itself alone justify an increase of time by twelve months. 

I shall now have to enumerate a few of the reasons prompting me in 
proposing the route I have laid down in the preceding pages. From what 
I have already said respecting the character of the tropical and subtropical 
interior of Australia, it appears that the line of route from the Burdekin 
to the Fincke of Stuart passes, as far as known, through practicable coun- 
try, well watered and grassed, abounding in game of all kinds, and likewise 
well peopled with aboriginals. We are on this route likely to meet with 
the most practicable country in the interior we propose to explore and 
examine, and shall probably shun entirely the so-called desert country, sub- 
ject to destructive inundations. Thereis much likelihood that the unknown 
regions in the west bear in many respects a great resemblance to the eastern 
half; and I therefore feel inclined to believe that on the same parallel of 
latitude (23° §.) we shall meet with no greater obstacles to progress than 
we are likely to encounter in the east. The explorations of Mr. Gregory 
iu the same latitude and in longitude 117° seem to corroborate this opinion, 
as the country appeared to him from that point towards the east to bear 
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for many miles a promising appearance. Observations made in other parts 
of the north-west litéorale of Australia confirm this view, and some of the 
rivers have been supposed to take their origin in high granite and trap 
ranges three hundred miles from the coast. ‘They would in this case be 
only four hundred miles from our point C, towards which the high western 
tableland, of which these ranges are probably the watershed, inclines until 
again reaching the lowest part near Stuart’s hot springs and the lake district 
forming the receptacle of the drainage from the Barcoo River. The course 
proposed passes very nearly through the centre of the unknown interior, and 
offers therefore, as an inspection of the map will show, an opportunity for 
exploring these unknown regions, and most likely also for tracing the limits 
of Mr. Gregory’s sandy deserts in the north-west. With reference to the 
south-west extremity, I accept for the greater part the suppositions thrown 
out by the Rev. J. E. T. Woods respecting its nature, first ably set forth in 
a letter addressed to the ‘ Melbourne Argus’ some years ago, and again re- 
peated in his excellent work on Australian exploration (vol. 1. p. 511), from 
which we quote the following passage.’ Mr. Woods says,—“If the western 
end of the tableland be on an average two thousand feet high, there must be a 
drainage to the interior nearly equal to that which causes so many rivers on 
the west coast. The watershed has never yet been crossed from the west 
side; but one cannot help remarking that wherever it has been crossed 
elsewhere good land has been found. | It is no evidence against the existence 
of a river that none are found on the south coast, especially in the Austra- 
lian Bight, where it would be most likely to appear. Many places in the 
interior have an extensive drainage, which never reaches the sea. The 
Barcoo drains into Lake Eyre, which is the receptacle of many other streams. 
A stream from the west coast might empty itself into Lake Gairdner*. There 
must at any rate be some important drainage in connexion with that large 
sheet of water.’ It is scarcely needful to add anything to the reasons here 
set forth for the necessity of the existence of a large drainage area in the 
south-western extremity of the continent; but it may perhaps be not out 
of place to recall to mind here that the Barecoo River (Cooper’s Creek) 
drains a territory of nearly nine degrees of longitude and seven degrees of 
latitude before emptying itself into Lakes Hyre and Gregory, forming, after 
its bifurcation near the locality where the final scenes of the Burke and 
Wills trazedy were enacted, au immense river delta, far exceeding any of 
the well-known deltas in the world?. If we now place a drainage system, 
in dimensions similar to that just spoken of, to the west of Lakes Eyre 
and Gairdner, it would in all probability be intersected by the course 
proposed through the western interior. An expedition, after having once 
struck such a river-system, would of course have to follow up the discovery ; 
and would, in its further course towards south-west, have mainly to be 

* JT rather feel inclined to believe that the receptacle spoken of is formed by some 
lakes to the north of the Australian Bight, yet undiscovered, 

+ According to the recent exploration of Major Warburton, 
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guided by the watercourses, without however losing sight of its primary 
object. It is not unlikely that, by the time the proposed expedition would 
reach the country north of the Australian Bight, expeditions from Western 
Australia, and even from the recently opened harbour on the south coast 
(Eucla), will have thrown new light upon this subject, than Bo 
facilitating this portion of the inndertaleitie: 

It has already been mentioned that at point B on Stuart’s track it is pro- 
posed to make a longer stay than in any of the other depots. The prin- 
cipal reason for so doing is to afford the expedition at that stage an oppor- 
tunity of communicating with the settled portion of South Australia, pre- 
vious to entering on the unknown territory to the south-west. A small 
party may be detached from the main bedy for the purpose of travelling to 
the nearest poit of settlement, on which occasion collections and documents 
may be sent to Adelaide or Melbourne, as well as any information received 
which may be of importance for the progress of the expedition, and chiefly 
such respecting the progress of exploration in Australia, having an imme- 
diate bearing on the problem at issue. Such an expedition may also pre- 
sent an opportunity of Os or making up our complement of men 
and horses, replenishing stores, &c. That this does not present any serious 
difficulty in execution we know from Stuart’s expeditions, who on an ave- 
rage travelled the distance from the Fineke to Mount Margaret * (Mr. 
' Jarvis’s station) in twenty-four days. It is therefore fair to suppose that 
within ten weeks this party could proceed to the first settlements and re- 
turn, after. haying accomplished its objects. 

In the preceding part of this paper I have laid down the track I propose 
following, and have, I believe, succeeded in explaining the reasons which 
guided me in doing so. I have avoided, however, all matters of detail as 
to the branch expeditions, which are intended to be undertaken on both 
sides of the main route, as such expeditions must to a great extent depend 
on the nature of the country to be explored, on which point our knowledge 
is still very scanty. I shall now in a few words give an outline of the 
scientific objects of the expedition, and then proceed with some details re- 
specting its organization and probable expense. 

An expedition passing through the centre of such a vast continent, tra- 
velling through 32 degrees of longitude and 12 degrees of latitude, cannot 
be otherwise considered than as productive of the mest material advantages 
to the cause of science generally, provided the plan of its werking be such 
as accords with the present state of scientific inquiry, and the conduct of 
the whole be entrusted to competent hands. It is frequently supposed that, 
in expeditions of this nature, it is expedient to confine the scientific re- 
searches and observations within the narrowest limits. Indeed, a rigorous 
scientific inquiry is frequently thought incompatible with geographical dis- 
covery. This is a grievous mistake, and has invariably proved to be such 
whenever an expedition has taken the field, in the organization of which 

% Probably the stations are now still further advanced towards the north. 
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proper attention had been paid to the objects it had to serve. There is no 
doubt that the many unemployed hours, even of those of the party gene- 
rally and more exclusively engaged upon exploration matters, may, for the 
benefit of the well-being of the whole expedition, well be turned to account 
in assisting scientific inquiry. On such principles the scientific plan of 
operations of the proposed expedition, as detailed hereafter, has been 
framed. It includes the following branches :— 

1. Astrenomical Science and Surveying.—In addition to such operations 
as are absolutely necessary for the mapping of the country, it 1s proposed 
to organize a system of observations of the moon, with a view to assist lon- 
gitudinal determination. Such more accurate determinations of the geo- 
graphical position may be carried out at the various depots above 
spoken of. | 

2. Terrestrial Physics and Meteorology.—Systematic registration of 
meteorological phenomena and terrestrial magnetism is likewise to be car- 
ried out at the depots, particularly with a view to assist barometrical mea- 
surements of elevations and magnetic observations in the field. 

If it should prove at all practicable, it would likewise be advisable to 
include ia the general plan of working observations on the length of the 
pendulum vibrating seconds. 

3. Geclogy, Paleontology, and Mineralogy.—A geological sketch-map 
of the whole route across the continent is to be made, and paleontological 
Specimens are to be collected. Special attention has to be paid to the 
mineral resources of the country travelled over. 

4, Botany.—Observations on the physiology and geographical distri- 
bution of plants are to be included, and collections made. 

5. Zoology and Comparative Anatomy, including Ethnology.—This 
branch is likewise to be attended to with a view to assist physiological 
studies, and to examine into the applicability of Darwin’s Theory on the 
Fauna of Australia, ancient and modern. Collections ave to be made. 

Character and language of the aboriginals in the varicus parts of the 
continent are to be studied. 

6. Sketching and Photography.—These arts will be employed more par- 
ticularly for the purpose of representing the character of the various tracts 
of country passed through, but will have likewise to assist the various 
branches of science in the complete execution of their parts. 

I refrain from entering into particulars respecting the general scheme of 
scientific work to be adhered to in the course of the expedition ; the more 
so as it is intended that the authorities in the various scientific branches, 
both in England and in the colonies of Australia, should be consulted on 
this matter, and their cooperation and advice solicited. It is especially by 
the aid of the scientific men and institutions in Australia, and their exten- 
sive labours in the various branches of science, that I am led to hope for a 
great success in the scientific part of the work of the expedition, as these 
labours form an excellent base whereon to build and start from. Thus 
much, however, I may state, that it is to he made a rule that nothing be 
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included in the plan of immediate investigation while in the field which 
may well be deferred without prejudicing the general objects of the expe- 
dition. This rule is to hold good for all scientific branches, and will also 
be made a guiding principle with reference to the reduction and discussion 
of observations, the examining of natural-history objects, and the collecting 
of specimens. 

At the present time, when mystery still surrounds the fate of Dr. Leich- 
hardt, I should consider myself open to just reproach were I to lay out the 
plan and scope of an expedition through the interior of Australia without 
calling attention to this subject, and including it among the duties of such 
an expedition to aid in clearing up that mystery. As remarked at the 
outset of this paper, twenty years have now elapsed since the utter disap- 
pearance of that great explorer, and there is now indeed scarcely any like- 
lihood of rescuing any of his party alive. But the hope of even ascertain- 
ing the fate of that brave body of men should never be abandoned until 
the object be attained, though there can be no doubt that the chances of 
our doing so grow smaller from year to year, every fresh inundation or 
conflagration of large tracts of forest diminishing them considerably. The 
scientific survey entailed upon such an expedition as that proposed offers 
great facilities also for the promotion of a search after traces of the missing 
explorers. In addition to which I consider it of extreme importance for 
such a purpose that the search should be instituted in the direction in 
which the missing expedition intended to move, the more so as all efforts 
to cut Leichhardt’s probable route at right angles have hitherto proved 
ineffectual, When we consider that the eastern portion of the Australian 
continent has been so frequently crossed and recrossed during the last six 
years without any material information having been gained as to Leich- 
hardt’s fate, we feel almost disposed to believe that he shaped his course 
from Upper Victoria and the Alice River, in a direction somewhat similar 
to that taken by Mr. Gregory on his expedition in search of him, particu- 
larly as such an opinion is supported by such an authority on Australian 
exploration as Mr. J. E. T. Woods in his recent work. According to his 
opinion the explorer was compelled to follow the Barcoo, and may have 
perished in the country to the west of Lake Eyre and Stuart’s track. But 
we must not forget that such a course to the south-west would, with this 
indefatigable explorer, have been equivalent to giving up his original plans 
respecting the exploration—-plans which, as far as we are acquainted with 
them through the Rev. Mr. Clarke of Sydney, and others intimately con- 
nected with him, would have carried him to the west, and even to the north 
of west. This opinion was also entertained by Mr. A. Gregory, who thought 
*‘that Leichhardt had left the Barcoo at its junction with the Alice, and, 
favoured by thunderstorms, penetrated the level desert country to the 
north-west, where, being unable to return, they may have perished for 
want of water.” (Expedition in Search of Dr. Leichhardt, 1837-88, 
page 8.) Such may be the case, but it may also be that they succeeded 
in forcing their way through the country referred to by Gregory, and there- 
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fore the country between Stuart’s and Burke’s track must be well examined 
with a view to find traces of the party. Although it may at first sight 
appear difficult to conceive that Stuart could have passed six times through 
the country which Leichhardt most probably crossed on his way to the 
west without observing any trail or mark of the latter’s course, neverthe- 
less there is no improbability in such being the case ; and unremitting zeal 
should be displayed throughout the whole expedition in endeavouring to 
lift the veil from off this sad tragedy. Should the expedition fail in finding 
the remains of the party in the east, they will have to search for them in 
the west and south-west extremity of the continent. 

An expedition through the vast interior of Australia, with such an ex- 
tended scheme of operations and so many important matters to attend to, 
should be organized on such a base as to give full guarantees for being able 
to accomplish its main objects, as well as to protect itself against attacks 
of the aboriginals and the destructive effects of unforeseen misfortunes. It 
is therefore proposed that the expedition should number twenty-five men. 
The following is the plan showing how the explorig expedition proper is 
to be composed :— 

Leader, assistant leader, storekeeper and overseer, saddler and tent- 
maker, blacksmith and wheelwright, twelve stcckmen, and three abo- 
riginals. To these are to be added the following scientific men of the 
party:—1. Geologist and mineralogist; 2. Botanist and chief medical 
officer; 3. Zoologist, paleontologist, and medical assistant; 4. Artist, 
photographer, and custos of collections; 5. Assistant for physical science 
and observer. 

With reference to the organization of the party, so as to ensure a Satis- 
factory cooperation of all concerned, it is proposed to adhere to the follow- 
Ing principles :— 

1. The scientific members of the expedition, with the exception of the 
leader and the assistant leader, do not form part of the exploring party 
proper, but are under the leader’s supervision, and may be employed as 
may appear to him desirable for the advancement of the objects of the 
expedition. | 

2. The exploring party proper consists of the leader as first officer, the 
assistant leader second officer, and the overseer third officer, two artisans, 
twelve stockmen, and three aboriginals. 

3. The exploring party proper is to be divided into three bodies of 
men :— : 

a. Depot party.—Storekeeper and overseer, saddler and tent-maker, 
three men, and an aboriginal. To this party the assistant observer 
is to be attached. 

_ 6. Field Party 1.—WLeader, blacksmith, four men, and an aboriginal. 
To this party any of the scientific men may be attached as best 
answering the purpose, care being, however, taken that one of 
the medical men he included among them. 
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ce. Field Party I1.—Assistant leader, five men, and an aboriginal. 
To this party &c. as above. 

4, The depot party remains in the depots which will successively be 
formed in the course of the expedition. It will chiefly be empleyed in 
keeping everything in repair and good order, in preparing provisions, and 
propagating useful plants. The sick and convalescent are likewise to be 
received into it, Systematic registration of meteorclogical and magnetical 
phenomena is to be carried on by it under the samedi Su nexubendenl 
of the assistant observer. 

5. The field parties will be employed in such a manner that one will be 
examining the neighbourhood of the depot, say thirty miles round, while 
the other will undertake the larger excursions on both sides of the main 
route. In case of a removal of the depot in the direction of the main route, 
all parties will have to cooperate. It is proposed, moreover, to employ 
the field telegraph, as well for the promotion of the scientific objects as for 
the more satisfactory cooperation of the whole party engaged. ‘The per- 


fection to which ballooning has been brought by the zeal and energy of 


Mr. Glaisher makes it not unlikely that it may be employed with advantage 
in this expedition for the facilitation of the exploring and mapping of tracts 
of country otherwise barely accessible. 

For means of transport it 1s proposed to employ fifty horses and cite or 
ten camels, which latter animals have now been acclimatized in the colo- 
nies, and show a special fitness and adaptation for Australian exploring 
work. 

We may now add a few words as to the probable amount of expenditure 
an expedition of this kind would involve, referring, however, for particulars 
to the appendix. 

The following is an abstract of the probable expense :—- 

1. Expenses previous to the organization of the expedition £880 0 0 


2. Outfit of the expedition, exclusive of provisions...... 2,980 0 0 

3, Salaries, wages, and contingencies for three years and six 
eOUCT CU Ac mee oe ie hk ES ye IS, Oa 17:67) - Ga 
Total expenditure...... 20s £2l boa 


This estimate has been framed without regard to any expenses in connexion 
with the publication of the results of the expedition. The sum may, at 
first sight, appear somewhat large; but when we come to take into consi- 


deration the objects which the expedition professes to advance—when we 


remember that, for the first time in the history of Australian exploration, 
the various governments are to unite in support of a uniform and well- 
planned scheme of exploration—when we consider that this sum is to be 
distributed over a period of three years and a half—we cannot fail to per- 
ceive the moderate amount of the sum proposed to be expended. 

It is proposed that the expenditure for this great scheme of exploration 
of the vast interior of Australia, and the scientific researches contingent 
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upon it, shall be borne by the mother country in conjunction with the 
various Australian colonies. So soon, therefore, as an arrangement to that 
effect may have been arrived at, trustees should be appointed, residing in 
the colonies, who would act as a Committee of administration, such Com- 
mittee to consist of not more than five members. All funds would be 
placed at their disposa!, and all money transactions in connexion with the 
expedition would be made under their supervision and subject to their 
approval. 

The objects of the expedition having been attained, and the time arrived 
when the same is to be broken up, the residue of the stock and stores— 
horses, camels, equipment, instruments, provisions, &c.—would be handed 
over to the Committee of Trustees, to be disposed of as they might think fit. 

All observations, journals, maps, natural-history collections, drawings, 
and photographs, without exception, would likewise be handed over to the 
Committee of Trustees on the completion of the expedition, in order that 
the same may be turned to account in furtherance of the interests of science, 
and of the various countries that have taken a part in this great undertak- 
ing. Members of the expedition would not be permitted to make private 
collections, and none of the results would be made public, unless by special 
authority of the Committee of Trustees. 

Such are the objects and leading principles of an expedition which I hope 
to be able in person to carry out; and I trust it will not be deemed pre- 
sumptuous on my part if adda few words in support of my claims to be 
entrusted with the conduct of so noble an enterprise. I have been con- 
nected with Australia, with brief interruptions, ever since the year 1852, and 
the greater part of that long interval of time has been employed by me in 
studying the physical character of that great continent. In 1858 I suc- 
ceeded in establishing an Observatory at Melbourne for the advancement 
of our knowledge of terrestrial physics, and my labours and publications 
on the observations made up to the time of my resignation and retirement 
from that institution in 1563, will in a very short time come to a conclu- 
sion. The magnetical and other observations collected during my travels 
through Victoria, part of New South Wales, and of South Australia, com- 
prising an area of nme degrees of longitude and six degrees of latitude, are 
now in course of publication on behalf of the colony of Victoria. Ag soon 
as this is accomplished, I purpose again to devote my energies to further 
inquiries respecting the physical geography of Australia, but on this occa- 
sion likewise as an explorer. In this determination I am prompted by no 
other motives than the advancement of science, and my attachment towards 
a rising country—an attachment not unnatural, after a connexion extend- 
ing over a period of so many years. 

Tt is on these grounds that I solicit the powerful support of this Society 
in this great national undertaking, which, I am persuaded, will, if success- 
fully carried out, conduce equally to the advancement of the interests of 
science and to the material welfare of Australia. Men may differ as to the 


362 Dr. Neumayer on a Scientific [May 14, 


mode of proceeding in its execution; but none, I presume, will venture to 
deny its importance, especially with regard to the development of the 
natural resources of that immense area, in the interests of civilization— 
none, I feel sure, will oppose it as being premature or inopportune. It 
would be presumptuous on my part were I to urge the importance of the 
opening up of the western interior for the successful settlement of Western 
and North-Western Australia, which at some future time, and under certain 
contingencies that might arise, would have a most important bearing on 
the security of the British possessions in India. For I am well aware that 
men, regarded as authorities in colonial policy, have long ago brought this 
subject under the consideration of the Government. Nor need I speak of 
the enlightened spirit in which the various Governments in Australia have 
ever shown themselves ready to assist the cause of exploration and scientific 
research. ‘The many and valuable contributions that science, in nearly 
every one of its branches, has received from the colonies cannot fail to 
assure us of their assistance and cooperation in a systematic and scientific 
exploration of the unknown interior round which they are clustered. I 
feel confident there needs but an impulse from England, and the sanction 
of its highest scientific authorities, to secure for the undertaking a ready 
assent and strenuous support on the part of the people and the Govern- 
ments of Australia. : 


APPENDIX. 
A.—Annual Expenditure of the Expedition. 


a. Salaries and wages for the members of the expedition proper. 


L.- Leader, annually, 0. oo. et ee 
Assistant leader, anmuallives2 22s. - cee +. eee 350 0 0 
Storekeeper andoverseel,.amaucliyi er). aap 200 “070 
Saddler, tent-maker, &c., monthly £12 ........ 144. 0 0 
Blacksmith, wheelwright, monthly £12.......... 144 0 O 

£1288 0 0 

2. ‘Nwelve stockmen ab 2S) a menu 6 3h) oreo er 2) Vo OO 

Threeaborigmals at 244 month |. 2h 56-5) 144 0 0 

£1296 0 0 

b. Salaries for the scientific men. 

Geologist, mineralogist, annually .,.......:,... =<oU0 70mo 
Botanist and wnedtealeomieetmea: be 22 wis oes 300 0 0 
Zoologist, paleeontologist, medical assistant Meee 3 500° 05 aG 
Artist and photographer. . coors segare se o- gp OU 
Assistant observer for roel BCIENCE ie Je ci cusmede 200 0 0 
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ToTAL SALARIES AND WAGES. 


Ae SUM Ret he 2082, 2S 0 O 
GR aR a ae eee LOG OO 
DRS ADEE Sg aia Men oa: Neta 1400 0 O 


£3984 0 0 


e expenditure for provisions, tobacco, &c. ...........-. £866 0 0 


EMdon wear and tear and repairs... 2... sess. 2s-«s.< 200 0 0 
£1066 0 O 
ecg £3984 0 0 
Total of the annual expenditure........ | 1066 0 0 
£5050 0 


Total for three years and a half ........ £17675 0 0 


B.—Expenditure of the Expedition for Instruments, Outfit, exclusive of 


Provisions. 

Ee imsiroments-— Astronomical .< o... s0ssssececnees ve £200 0 0 
Physical and meteorological .......... 250 se Oe) 
Physiological and botanical .......... 80 0 0 
Sureicdlemearveime-chest a... ae sn- «3 a6 CO ORO 
Geolocicaly (es Sue aks wesw os es 40 0 0 
Photeoraphicale ye. so s)ce. cies oe eee 50 0 0 
Packing and transport to Australia .... 60 0 0 
£740 0 0 

2. Tools and implements, including rifles, revolvers, ammuni- 
tion, rockets, blue lights, horseshoes, &c......... fe, OO aay 


eee 


oe Lents, a boat, and a small iron vehicle. ......:......° £300 °0 0 


ee 


4. Saddlery, including thirty riding saddles and pack saddles, 


BYE LUA Ss OUCr natee trate stae'e aysis fgets ale Binis ois Stabs eS £440 0 0 
De Wive stocks, fiity horses at’ £20 each. .5 4 «).0 2. <a> Se £1000 0 O 
Poa MCC Mum rrr oir tec eis<'5 se olp bee see eek m eae HCO 0050 


1100" 0 0 
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Toran OvuTrti?. 


ee een ne e740 RO edo 
Beeler ose te es 400 0 0 
DNA nin ih aie eee 300 0 0 
4 440 0 0 
Der le 1160 0 0 

£2980 0 0 


C.—Kupenditure during ane prior & the Organiz zation of the 
Hepedition. 


Expenses in Europe........ rere eo) 
Passage money for the officers a Alien reer 
Probable expenditure prior to the organization .......... 400 0 0 

Total 26.5 cece oe ean oo ok oO 


GRAND ToTAL EXPENDITURE. 


£21,535 0 0 


Ti. “On some New Derivatives of Acetone.” By Maxwe. 


Simpson, M.D., F.R.S. Received April 18, 1868. 


The compounds which form the subject of the present paper came acci- 
dentally under my notice whilst | was engaged in an unsuccessful attempt 
to form leucic acid by a new synthesis. 

By saturating a mixture of acetone and absolute alcohol with dry hydro- 
chloric acid gas, I had hoped to form a body having the composition 

C,H, OCI—C, H,0+C,H,O+HCI=C, H,, OC1+H,9, 
aud that this, when treated successively with cyanide of potassium and caustic 
potash, would have yielded the desired acid accordmg to the following. 
equations :— 
C, H,,0C1+ KCy=C, H,, OCy+ KCl, 
and 
H 
By saturating the above mixture with hydrochloric acid, I obtained, it is 


true, a large quantity of a chlorinated oil; but I could not ascertain whether 
it was the compound I expected or not, as I found it impossible to render 


lit ote } O+4 “a 0=C,H,,KO,+NH.. 
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it sufficiently pure for analysis. I therefore subjected it directly (having 
simply washed it with a dilute solution of carbonate of soda) to the action 
of the before-mentioned reagents*. The results were altogether unex- 
pected. Une 

I have since ascertained that the chlorinated cil can be obtained without 
the intervention of aleohol. I will now give-a detailed account, of my ex- 
periments. 

Dry hydrochloric acid gas was passed. to saturation into a quantity of 
pure acetone contained in a glass vessel surrounded with cold water. The 
product was set aside for ten or twelve days, and then well washed with a 
dilute solution of carbonate of soda. Equal weights of the oil thus formed 
and of pure cyanide of potassium were then introduced into a glass balloon 
together with a large quantity of alcohol, The balloon was attached to a 
reversed Liebig’s condenser, and subjected for about twelve hours to the 
temperature of a water-bath. At the expiration of this time its contents 
were, when quite cold, filtered, and the precipitate well washed with cold 
alcohol, and then with cold distilled water till the wash-water ceased to 
give a precipitate with nitrate of silver. A white powder was thus obtained 
which was insoluble in cold water and in cold alcohol. Boiling alcohol, 
however, dissolved it to a small extent, from which it crystallized on cool- 
ing in beautiful shining plates like naphthaline. These sublime at a high 
temperature (about 300° C.), apparently without decomposition. It isa 
neutral body and contains nitrogen. It does not evolve ammonia when 
heated with an alcoholic solution of caustic potash. It is decomposed by 
nitrous acid, with the production of a compound having acid properties. 
The composition of this body I hope to be able to give in a future com- 
munication. 

I will now turn to the alcoholic solution filtered from the neutral body 
Thave just deseribed. This I introduced into a balloon together with some 
sticks of caustic potash. The balloon was then attached to a reversed 
Iiebig’s condenser, and exposed to the temperature of a water-bath till 
ammonia had ceased to be evolved. When this was observed, the alcohol 
was distilled off and the residue dissolved in water. The solution was 
then neutralized with hydrochloric acid, filtered, evaporated considerably, 
and then treated with a large excess of the same acid. After standing for 
some time it became a mass of crystals. These were thrown upon a filter 
and washed with cold distilled water till the filtrate ceased to give a preci- 
pitate with nitrate of silver. The powder obtained in this way was readily 
purified by crystallizing from hot alcohol, and then from boiling water. 
From the latter solvent it separates in brilliant colourless prismatic needles, 
sometimes upwards of an inchin length. Dried at 100° C., these gave the 
following numbers on analysis, which accord sufficiently well with the for- 
mula C, H,, NO, :— 


* Thad performed these experiments before the appearance of Baeyer’s paper ‘ Ueber 
die Condensationsproducte des Acctons,”’ Annalen der Chemie, vol. cxl. p. 297. 
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Theory. 
See a > Faw 
Per cent. 1B II. ITT. IV. 
C, Rep ree) HOTA 56°28 56°79 
Het, 60 3797 een 
N Lae 8:19 a6 ata SoZ Siaa 
Oy irae sob gee-07 
7 100:00 


I have also prepared and analyzed the silver-salt of this acid. The results 
I obtained confirmed the above formula. 


Experiment. 
Theory. Pa ae 
Per cent. ji ae 
Metallic silver <. ae “0% 
(C, ie As NO,) | oe 38°84 38°98 38°70 


The salt was obtained in beautiful mother-of-pearl plates by boiling a 
solution of the acid with an excess of freshly prepared oxide of silver. It 
is very soluble in water, and is not much affected by light. It does not 
suffer decomposition when dried at 100° C. 

The new compound has an acid reaction, and displaces carbonic acid from 
the soluble carbonates. It is insoluble in cold, pretty soluble in hot water 
and in cold alcohol, and sparingly soluble in ether. It melts at 171° C. 
The nitrogen appears to be retained with unusual force within the molecule 
of the new acid. It refuses to giveit up in the form of ammonia when sub- 
jected to the action of an alcoholic solution of potash, a fact we have already 
learned from the manner of its formation. Neither can it be made to yield 
it up by exposing it to the action of nitrous gas. I have tried this gas 
upon a solution of the acid both in water and nitric acid. -It dissolves 
in large quantity in strong hydrochloric acid, and, on standing, crystallizes 
out unaltered, not combining chemically with that body. 

The salts of this acid are, as a general rule, very soluble in water. 
The neutralized acid yields no precipitate with nitrate of silver, corrosive 
sublimate, or chloride of barium. It renders a solution of acetate of lead 
but slightly turbid, and communicates a red colour to perchloride of iron 
without precipitating it. 

The soda-salt is very soluble and does not crystallize well. It is pre- 
pared by neutralizing the acid with carbonate of soda. One molecule of 
the acid, assuming it to have the composition C, Ii,, NO,, I found required 
exactly one molecule of pure and recently ignited carbonate of soda for 
complete neutralization. This experiment, and the composition of the 
silver-salt, render it highly probable that the acid is monobasic.’ 

The mercury-salt crystallizes in beautiful pearly plates. It is prepared 
by boiling a solution of the acid with freshly precipitated oxide of mercury. 
It is a very soluble salt. 


* The salt which served for this analysis was made from a freshly prepared batch of 
the acid. 
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When acetone is saturated with hydrochloric acid, several condensed 
compounds are formed, which remain in union with the acid. The ques- 
tion now arises, which of these compounds generate the acid we have just 
been studying? and which the neutral body? In the hope of determining 
this point, I prepared the two most important of these compounds in a 
state of purity, namely oxide of mesityle and phoron, and saturated them 
with hydrochloric acid gas. After the lapse of twelve hours the two satu- 
rated bodies were well washed with water, and treated separately with 
cyanide of potassium and caustic potash in the manner I have just de- 
scribed. The results were decisive. The mesityle compound yielded the 
acid, and the phoron compound the neutral body. The following equa- 
tions will explain the formation of the acid :— 


C,H, 0+2HCl=C, H,, Ocl,, 

C, H,, OCl,+ 2KCy=C, H,, OCy, +2 KCi, 
and 

C. 11, 0Cy, +77 | on E it} O=C, H,, KNO,+NH,. 

Potash-salt of 
new acid. 

It will be observed that only one of the cyanogen atoms is transformed 
into COO K, 

The foregoing derivatives of acetone are, I think, in many respects very 
remarkable bodies. I therefore propose to submit them toa careful study. 
I propose also to ascertain whether or not the true aldehydes yield analo- 
gous bodies when treated in a similar manner. 


III. “ Researches on the Hydrocarbons of the Series C, Hon4o— 
No. IV.” By C. ScuortemMer. Communicated by Prof. G. 
G. Stokes. Received April 13, 1868. 


On the relation between Boiling-point and Chemical Structure. 

It is from researches published only during last year that we have ob- 
tained a more definite knowledge of the chemical structure of some of the 
hydrocarbons of the above series, so that we are enabled to explain the 
mode in which the carbon atoms are united. This has been achieved by 
obtaining these hydrocarbons by synthesis from other compounds, the 
structure of which is perfectly well known. 

Thus Friedel and Ladenburg* prepared, by acting upon methylchlor- 


CH 
acetol, C CH., with zincethyl, the hydrocarbon C,H, which they call 
C 


2 


carbdimethyldicthyl, and which has the structure C [¢ H, Butlerowy 


* Ann, der Chem, und Pharm. yol. cslii. p. 310, + Ibid. vol. exliv. p. 10. 
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replaced in tertiary butyl aleohol the group HO by hydrogen, and ob- 
tained an isomer of diethyl to which he gives the name trimethylfermen, 


CH 
OF, pee : 
C cH. In my last communication to the Society I described di-iso- 
3 
todas 


propyl and amylisopropyl, and pointed out their constitution*, Further, 
Erlenmeyer has shown that amyl alcohol and butyl alcohol formed by fer- 
mentation have the following structure ¢:— 


Butyl alcohol. Amy! alcohol 
OH, CH, - CH, CH, 
Sy ie Sf 
Ww DSA 
Ct CH 
| | 
CH, OH OH, 
. ae 
CH, 0H 


These two compounds contain, therefore, the group isopropyl, CH(CH,),, 
which also must be present in the hydrocarbons derived from these alcohols. 
All hydrocarbons of known structure may be arranged in four groups ; 
the members of each group, which are liquids at the mean temperature of 
the air, exhibit a very regular increase in the boiling-point for each increase 


of CH,. 
lst. group. Hydrocarbons in which each atom of carbon is united 


ae 


with not more than two other carbon atoms, or in which the carbon atoms - 


are arranged in a single chain.—To this group belong the three lowes¢ 
members of the series C, Hon+2, of which no isomers exist, as well as di- 
ethyl, C,H,,, hexylhydride, C, W,,, derived from suberic acid ¢, and hep- 
tylhydride, C,H,,, from azelic acid§. My reasons for considering that 
the two last ones belong to this group are: (1) They boil at a higher ten- 
perature than their isomers of known structure; and we find that the 
simpler the manner in which the carbon atoms are combined, the higher 
the boiling-point. Thus we have,— 


Di-isopropyl boils at 58° C. Ethylbutyl boils at 62° C. 


CH, CHa. Ollal, CH, 
Bo 4 axe Ys 
CH. CH 
| | 
CH CH. 
Jan H 
7 tS CH, 
CHL. CE. eae 
CH, 


* Proc. Roy. Soc. vol. xvi. p. 34. T Zeitschrift fiir Chemie, vol. iii. p. 117. 
+ Journ. Chem. Soe. N. S., vol. ii. p. 260. § Proc. Roy. Soe. vol. xiv. p. 464. 
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Now hexylhydride boils at 69°-5 C., and the only structure more simple 
than ethylbutyl is the following, which must express that of hexylhydride, 


| 

CH, 

i 
CH, 


a 
CH, 


The same is the ease iu the hydrocarbons having the composition 
T . 
C, So - 


Carbdimethyidiethyl. Ethylamyl. Heptylhydride. 
Boiling-point 86°. Boiling-point 91°. Boiling-point 100°-5. 
OH, CH, CH, OH, 
OH : ee ai 
oy 2 CH | +5 
H, C-C-CH, le CH, 
bee CH, coer 
CH, | On, 
CEH, | 
CE | CH, 
3 CH, | 2 
| ale OH. 
Ci, ae 
CH 


(2) The formation of these hydrocarbons points out that they must 
have a very simple constitution. The acids from which they are derived 
are obtained by the splitting up of compounds containing a large number 
of carbon atoms, and from these acids they (hydrocarbons) are derived by 
a further separation of carbon ‘The difference in the boiling-points of 
hexylhydride and heptylhydride is 31° C. 


Boiling-point. 


[@) 
Us. eee: 69-5 


The hydrocarbon C,H,,, found in American petroleem appears to be 
identical with that prepared from suberic acid. The higher specific gra- 
vity which the hexylhydride from rock-oil shows, as observed by Cahours 
and Pelouze and by me, is occasioned by impurities. As I have shortly 
mentioned in my last communication, I have studied the action of nitric 
acid upon this hydrocarbon. On oxidizing in this way about 120 grms., 
of which the boiling-point was 67° to 69° and the specific gravity 0°6709, 
at 15°, about 10 grms. were left unattacked, which certainly must have 
been very pure. This remaiming portion boiled at 70°, and had the spe- 
cific gravity 0°6651 at 16°5. ‘The hexylbydride which Erlenmeyer and 
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Wanklyn prepared from manrite * also exhibits in its boiling-point and 
specific gravity a close agreement with the hydrecarbon from suberic acid, 
and appears to be the same,— 


Boiling-point. Spec. grav. 
C,H,, from suberic acid .... 69°5 0°6617 at 17-5 
fe 2 mamnMibe: |... > 6h 68-70 0°6645 at 16°5 
a 5, SFOCKON s.. fa oe 70 0°6651 at 16°d 


2nd group. Hydrocarbons in which one atom of carbon is united with 
three others, or which contain the group isopropyl. —The members of this 
section are trimethylformen, amylhydride, ethylbutyl, ethylamyl, and the 
hydrocarbon C,H,, which I have prepared from the caprylalcohol, ob- 
tained from castor oil+. Trimethylformen boils at about —15° C.; the 
other members are liquid at common temperature, and show the same dif- 
ference in their boiling-points as those of the first group, namely 31°, 

Boiling-point. 


a pierre 
Observed. Calculated. 


Amythydride, CH = — 4 302 3()° 


Ethylbutyl, C, H,, — OH. 62° GI 


=o) 
bo 
(2) 


Ethylamy], ..C,H,, = te 91° 


| 
CH, 
| 
CH, 

* Journ. Clem. Soe. N. S. vol. i. p. 233. ; 

+ This alcohol is, as I have found, a secondary or iso-alcohol. An account of this in- 


vestigation, and the reasons why I class the hydrocarbon derived from the alcohol in the 
above group, I shall communicate to the Society shortly. 
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Boiling-point. 


a =< 
Chserved. Calculated. 


Octylhydride, C,H,, = 
(from caprylalcohol) 


3rd group. Hydrocarbons which contain the group isopropyl twice.— 
The difference in the boiling-points of the members of this group is 25° C. 
They are di-isopropyl, dibutyl, which, as I have shown, is identical with 
amylisopropyl, butylamyl, and diamyl. 


Di-isopropyl, C,H,, = | 58° 58° 


(Not known) C, H,, — — 83° 


| 
. CH. 
Dibutylamyl, } Om, 2 109 109° 


isopropyl. 


97720 


Butylamyl-.. Ca = CH [32 133° 
| 


VOL.,._XVI. 2M 
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Boiling-point. 
am = 
Observed. Calculated. 


Diamyli eee. = i 158° 158° 


Ath group. Hydrocarbons in which one atom of carbon is combined 
with four other carbon atoms.—Of this group only one member is known, 
namely carbdimethyldiethyl, which boils at 86°. 

It thus appears that from the boiling-point of a hydrocarbon of the 
series C, Hon+2 conclusions may be drawn concerning its constitution, just 
as in the series of aromatic hydrocarbons*. Further researches must 
show whether the law which I have pointed out in this paper is a general 
one. 


IV. “ Researches on the Hydrocarbons of the Series C, Ho,+9.— 
No. V.”. By C. ScoortemmMerR. Communicated by Professor 
G. G. Stoxzs, Sec. R.S. Received May 7, 1865. 


Oxidation Products. 


In a former communication + I have shortly described the action of dif- 
ferent oxidizing agents upon some of the saturated hydrocarbons ; the fol- 
lowing paper contains some further results which I have since then obtained. 
One of the most striking properties of these compounds is, that they are 
with the greatest difficulty acted upon by any oxidizing substance in the 
cold. On heating them, however, a reaction sets in, and either they are 
completely burnt up to carbonic dioxide and water, or other oxidation pro- 
ducts besides those two are formed in comparatively small quantities ; 
thus chromic acid produces some acetic acid. Fuming nitric acid, which 
in the cold shows no action whatever, even if left in contact with one of 
these hydrocarbons for months, acts rather violently on gently heating ; 
acid of the specific gravity 1°4 acts in a similar way, and produces the same 
products, but the reaction is much less violent. The apparatus which I 

* Compare, about the boiling-points of the aromatic hydrocarbons, the elaborate paper 


of Kopp in Ann. der Chem. und Pharm. vol. v. (Supplement) p. 315. 
+ Proceedings of the Royal Society, vol. xvi. p. 38. 
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used consisted of a glass flask of about one litre capacity, the narrow neck 
of which was several feet in length, and surrounded by a wider tube through 
which cold water flowed. The hydrocarbons treated in this way were 
hexylhydride and octylhydride (from petroleum), and diamyl. They were 
heated with the acid as long as red fumes were evolved; the liquid left in 
the flask was then distilled in a retort, until the unaltered hydrocarbon 
together with the greater part of the diluted nitric acid had passed over. 


_ The syrupy residue was heated in a steam-bath as long as nitric acid va- 


pours escaped. A thick syrupy mass was left, from which, on cooling, a 
crystallized acid was deposited ; on adding water these crystals dissolved, 
whilst a thick yellowish oil separated. This oil is insoluble in water, but 
somewhat soluble in the aqueous solution of the crystalline acid, which 
therefore cannot be obtained quite free from the oily substance by recrystal- 
lization only; but this may be effected by washing the crystals with cold 
ether, which dissolves very little of them, whilst the oil itself is very soluble. 
The acid obtained from octylhydride and that from diamyl melted at 180° 
C., and showed all the characteristic reactions of succinic acid; that from 
hexylhydride, from which I obtained only a very small quantity, could not 
be completely freed from the yellow oil, and therefore did not show a defi- 
nite melting-point ; it began to fuse at about 120°, and became perfectly 
liquid at 150°; it exhibited, however, all the reactions of succinic acid ; 
and the following analyses, although they do not agree very well, yet show 
that it was this compound. From the acids the calcium and the silver-salt 
were prepared by neutralizing the aqueous solution with calcium carbonate 
and concentrating the filtered solution by boiling, when the salt separated 
in microscopic needles. Calcium succinate obtained in this way has the 
formula C,H,CaO0,+H,O; the quantities of water and calcium found 
agree with this composition. ‘The water was determined by drying the salt 
at 180° C., and the calcium by heating the dried. salt over the blowpipe 
until the residue had a constant weight. 


Found 
Cilenciion yaa aemneci, a 
alculated for Acid from hexyl- ; ea Nes 
C,H,Ca0,+H,0. - — hydride. Bua 
155 \ ha epee aie ina - '10°3 per cent. 9:4 per cent. 9°8 per cent. 
CHO Dy Bepayt Sag NaS vidpgeg cnt Boge 


To obtain the silver-salts, the solution of the calcium-salt was precipitated 
by silver-nitrate and the washed precipitate dried at 120°, and the silver de- 
termined by igniting. 


Found 
nn 00 0 0 
From hexylhydride. 
Calculated for —————_* —__——~,, From octyl- : 
C,H, Ag, 0,. I TT. fioGladls) | Se ese 


_ Ag = 65:06 per cent. 62°3 p. e 64:1. psc) 64°60 pic. 64°7 pic 
The yellow oil which is formed besides succinic acid contains nitrogen ; 
it is not volatile, and decomposes on heating ; caustic potash converts it 
2M 2 
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into a red resinous substance. It dissolves very easily in fuming nitric 
acid; on boiling this solution for some time the oil is converted into a 
white solid, which separates as crystalline powder on addition of water, and 
which crystallizes from alcohol in large flat needles. I did not obtain suffi- 
cient of this compound for a satisfactory analysis; also the quantity of suc- 
cinic acid obtained is always very small in comparison to the amount of 
hydrocarbon used, which is to the greatest part oxidized to water and car- 
bonic dioxide. 

The distillate obtained after the oxidation contains, besides unaltered 
hydrocarbon and diluted nitric acid, also a small quantity of fatty acids and 
of nitriles. I have only examined those which were derived from diamyl. 
The liquid was neutralized with sodium-carbonate, the diamyl separated 
and distilled ; after the hydrocarbon had passed over, the thermometer rose, 
and between 230°-235° a small quantity of a yellowish liquid passed over, 
which had the characteristic smell of the nitriles of the fatty acids. On 
heating it with an alcoholic potash solution, ammonia was given off. I tried 
to convert the potassium-salt thus obtained into the silver-salt, but obtained 
the latter only in small quantity and in an impure state, so that I could 
not analyze it. The boiling-point of the nitrile agrees with that calculated 
for caprinitrile, C,,H,,N. ‘The solution of the sodium-salts was evaporated, 
and the residue distilled with a small quantity of nitric acid; the acid dis- 
tillate, on which oily drops swam, smelt of valerianic acid. It was neu- 
tralized with ammonia, and precipitated with silver-nitrate in three fractions. 


(1) Fraction contained 45°27 per cent. of silver. 
(2) 59 29 46°84 29 39 
(3) 33 33 49°50 33 39 


Silver-cenanthylate contains 45°57 per cent. Ag, and silver-valerate 51°67 
per cent. Ag. The fatty acids, which were formed by oxidizing diamyl 
with nitric acid, consisted therefore of cenanthylic, valerianic, and no doubt 
also caproic acids. 

I have further examined the products which are obtained by oxidizing 
the amyl acohol derived from petroleum. As I have shown in a former 
communication*, the amyl compounds obtained from fusel-oil appear to 
be identical with those from petroleum, as they have the same specific gra- 
vity and the same boiling-points ; the only difference which I found is that 
the boiling-point of amylhydride is about 4° higher than that derived from 
the fermentation alcohol. The whole quantity of amyl alcohol which I had 
prepared from petroleum was only 3 grammes. As oxidizing mixture I 
used a solution of two parts of potassium bichromate in ten parts of water, 
to which was added three parts of sulphuric acid. The aleohol was added 
to the cold liquid, and the reaction moderated by surrounding the flask with 
cold water. As soon as the reaction was finished the liquid was distilled, 
and the acid distillate, which smelt strongly of valerianic acid, neutralized 


* Proceedings of the Royal Society, vol. xv. p. 1é1. 
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with sodium-carbonate; a small quantity of a neutral oil remained undis- 
solved, which was removed, and the solution of the sodium-salt evaporated 
to dryness. The residue was distilled with sulphuric acid, and from the 
distillate, on which an oily acid swam, a silver-salt prepared. 


(1) 0°3190 of this salt gave 0°1830 Ag. 
(2) 0°2408 of salt of another preparation gave 0°1358 Ag. 


Salt No. 1 contained, therefore, 57:3 per cent. Ag, and No. 2 56°4 per 
cent. Ag. This composition differs very much from silver-valerate, which 
contains 51°67 per cent. Ag; yet the characteristic odour of the distillate 
leaves no doubt that a considerable quantity of valerianic acid was present, 
which must have been mixed with a lower member of the fatty acid series. 
I soon found that acetic acid was present’; for on distilling the residue in 
the retort and collecting separately the last distillate, a liquid was obtained 
which smelt of acetic acid. It was converted into the silver-salt. 0°2340 
of this salt gave 0°1485 Ag, or contained 63°46 per cent. Ag, whilst the 
calculated percentage is 64°67 per cent. Pedler has found that active 
amyl alcohol yields on oxidation, besides valerianic acid, a considerable 
quantity of acetic acid*, the same products, therefore, as amyl alcohol from 
petroleum. 

The neutral oil-above mentioned was treated again with the oxidizing 
mixture, which had hardly any action on it in the cold; it was therefore 
dried and distilled. ‘The greatest portion boiled between 97°-120°, and 
distilled on rectification nearly wholly between 95°-105°. It had a plea- 
sant fruity smell, and formed with hydrogen sodium-sulphite a crystalline 
compound. ‘The analysis yielded the following results :— 


0:3080 substance gave 0°7740 CO, and 0°3220 H, O. 


(ON naliskae Sune Mile dala Ai ae —— OS) 
1 Be yar Suns are ies arias ae 
(Eig yah eo ee ORG 

100°0 


The only simple formula which can be calculated from these numbers is 
C, H,, O, although the quantity of carbon is 1 per cent. short; probably it 
contained a little amylacetate; the odour of it certainly resembled that of 
this ether, and, as the following calculated compositions of C, H,, O and of 
amylacetate show, such an admixture would lower the percentage of carbon. 


Calculated composition of 


O,H,.0: ° iro \ 0 
COD ADE BES OE 69°77 64:6] 
12 ae eee 11°63 10°77 
Che MAL it 18:60 24-62 

100°00 100°00 


* Journ. Chem. Soc. 2 ser. yol. vi. p. 76. 
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How this compound, which without doubt was an aceton, has been formed 
I am ata loss to understand. The very small quantity of liquid boiling 
above 120° consisted chiefly of amylvalerate; at least it had the odour of 
this ether. | 

I should have wished to be able to give more definite results, but the 
preparation of amyl alcohol from petroleum is difficult and requires a very 
long time. But as the oxidation-products of the different amyl alcohols 
are being at present investigated by different chemists, I thought it would 
not be without interest to publish these incomplete results. 


V. On the Constitution of Capryl Alcohol from Castor-oil.” 
By C. ScuortemMMerR. Communicated by Prof. G. G. Stoxzs, 
Sec, R.S. Received May 7, 1868. 


There is perhaps no other compound known which has been so often 
and so fully investigated by different chemists, and yet whose constitution 
is clouded in so much obscurity, as the alcohol which is obtaimed by dis- 
tilling castor-oil soap with caustic alkalies. From the time of its discovery 
until recently, this compound has been alternately considered by one in- 
vestigator to be capryl or octyl alcohol, and by another to consist of 
cenanthyl or heptyl aleohol.. As a proof that it is capryl alcohol, Bouis 
states that, by the moderate action of nitric acid, a small quantity of caprylic 
acid is produced, the greater part of the alcohol, however, being oxidized 
to lower members of the fatty acid series*; and Kolbe concludes, from the 
formation of these acids, that it is a secondary or isoalcohol, probably 


( CH, ) 
methyl-hexyl carbinel, C (pth +. AsT shall show in this paper, Kolbe’s 
OH 


view is correct; by moderate oxidation, the alechol loses two atoms of 
hydrogen, and is converted into the corresponding acetone, methyl cenanthol, 
the same compound which is genérally obtained as a byerroduct in the 
preparation of the alcohol. The alcohol which I used was prepared by 
distilling a mixture of castor-oil soap and caustic soda in a flask of thin 
copper-sheeting as quickly as possible. The distillate was repeatedly 
rectified over fused caustic potash, the portion boiling helow 200° C. only 
being collected. The alcohol was isolated from this liquid by fractional 
distillation ; its corrected boiling-point was 181° C. The portions having a 
lower boiling-point consist of hydrocarbons, which combine with bromine, 
probably members of the olefine series, amongst which octylene, boiling at 
125° C., preponderates. A considerable quantity of liquid distilled above 
160°, the boiling-point remaining somewhat constant at 170° C. Neither 


* Ann. de Chim. et de Phys. 3° Sév. vol. xliv. p. 123. 
+ Ann, dey Chem, und Pharm. vol. cxxxi. p. 116. 
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this fraction nor any other distillate contained an acetone, as none com- 
bined with hydrogen-sodium sulphite. According to Chapman, the liquid 
boiling at 170° consists chiefly of heptyl alcohol*. In order to isolate 
this alcohol, I acted upon the liquid boiling between 160°-175° with iodine 
and phosphorus. The product, subjected to fractional distillation, was 
found to consist of isoctyl iodide, boiling at 210°-215°, and of hydrocar- 
bons, distilling below 160°; the portion which came over between 160° 
and 210° was very small, and diminished after each further distillation. 
This shows that no heptyl alcohol was present, and that the original liquid 
boiling at 170° was a mixture of isoctyl alcohol and hydrocarbons, which 
could not be separated by simple fractioning. 

To obtain the oxidation products of isoctyl alcohol, I acted upon it with 
a solution consisting of 3 parts of sulphuric acid, 2 parts of potassium 
bichromate, and 10 parts of water, the reaction being moderated by sur- 
rounding the vessel with cold water. As soon as no further action was 
observed, the liquid was distilled. The distillate consisted of an aqueous 
liquid, which had a slight acid reaction, and a light oily fluid; it was neu- 
tralized with sodium carbonate, and the oil treated again with the oxidizing 
mixture, which, however, had hardly any action upon it in the cold. This 
oily liquid is methyi cenanthol; it has the characteristic odour of that 
compound, and when shaken with a concentrated solution of hydrogen- 
sodium sulphite, solidifies to a mass of pearly white crystals. These were 
dried between blotting-paper, and decomposed by a dilute solution of caustic 
soda. ‘The oil which separated was dried over calcium chlovide; it dis- 
tilled completely between 170°-172°, the boilmg-point of methyl cenanthol 
being 171°. 

In order to oxidize this compound further, it had to be heated with the 
oxidizing mixture, when a slight evolution of carbon dioxide was observed. 
The acid distillate was neutralized with sodium carbonate, and the acetone 
unacted upon treated again as before. The different solutions of the so- 
dium-salts were evaporated, and the solid residue decomposed by diluted 
sulphuric acid. An oily acid separated, which, after drying, distilled at 
198°-200°, which is the boiling-point of caproic acid, the characteristic 
odour of which it also exhibited. ‘To place beyond doubt that it was 
really this compound, a portion of it was neutralized with ammonia and 
precipitated by silver nitrate. A white curdy precipitate was obtained, 
which was nearly insoluble in cold water, and only slightly soluble in 
boiling water. It did not darken either by exposure to the light or to a 
temperature of 100°. From the hot saturated solution it separated as a 
crystalline powder ; nor could I obtain it in definite crystals by evaporating 
the solution 7m vacuo. 


(1) 0°2407 of this salt gave 0°1170 silver. 
(2) 0°3720 gave 0°1810 silver. . 


* Journ. Chem, Soc. New Ser. vol. iii. p. 295. 
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Found 
Calculated for - —* tee 
C, H); Ag O, I. Tt 
48°43 per cent. Ag. 48°60 per cent.. 48°65 per cent. 


Another portion of the acid was converted into the barium-salt, which 
crystallized from a hot saturated solution in long needles, grouped: in 
stars, the characteristic form of barium caproate. 


0-2475 of the barium salt gave *1318 barium carbonate. 


Calculated for 
(Cy Os), ba: Found. 
37°33 per cent. Ba. 37°40 per cent. 


I also prepared the ethyl compound, which I found to boil at 160°-162° ; 
the boiling-point of ethyl caproate is, according to Fehling, 162° *. 

Besides caproic acid, a large quantity of acetic acid was formed, which 
was isolated by distilling the aqueous liquid from which the caproic acid 
had been removed. With the first portion of the distillate, oily drops of 
caproic acid came over ; the latter,portion, which was collected separately, 
had the pure odour of acetic acid; it was rectified twice, and the last 
portion collected, which was boiled with silver carbonate. From the 
filtered solution silver acetate crystallized on cooling in characteristic long, 
flat needles. 

(1) 0°2140 of this silver-salt gave 0°1373 silver. 


(2) 0°5895 of the salt gave 0°3820 silver. 
Found. 


Calculated for ee 
C, H, Ag O,. Tt 1 
64°68 per cent. Ag. 64:20 per cent. 64°88 per cent. 


These experiments prove that the capryl alcohol from castor-oil is 
a secondary or isoctyl alcohol to which, adopting the nomenclature 


CH, 
proposed by Kolbe+, the name methyl hexyl carbinol, C ane 

OH 
must be given. This alcohol yields, on oxidation, first, the corresponding 


CH 
acetone, methyl cenanthol, C 4 C, itl. which, under further oxidation, splits 
O 


up into caproic and acetic acid, exactly as the theory requires. 

Another question to be answered was, what is the structure of the group 
Hexyl C,H, contained in this isoalcohol? The caproic acid contained in 
fats and that prepared from amyl cyanide appear to be identical with that 
which I obtained{. Now, according to Erlenmeyer, in the amyl com- 
pounds the carbon atoms are grouped in the following manner :— 


* Ann. der Chem.und Pharm. vol. liii. p. 408. 
t Ibid. vol. cxxxii. p. 103. 
~ Caproic acid deviates the plane of the polarized light, whilst that from cocoa-nut- 
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CC 
ww 
C 


C, 


and this grouping must therefore also exist in caproic acid and in isoctyl 
alcohol. ‘To obtain evidence respecting this question, I converted the 
alcohol into the corresponding hydride by a very simple method, which isa 
general one, and by which, with the greatest ease, the corresponding 
hydrocarbon can be obtained from any alcohol. The alcohol was first 
converted into the iodide, which was brought together with zine turnings 
and diluted hydrochloric acid in a flask which was surrounded with cold 
water. After a few hours the heavy layer of iodide had disappeared, and 
a light liquid swam on the top. This consisted almost entirely of the 
hydrocarbon C, H,,; traces of iodide and alcohol which still adhered were 
removed by treating the liquid with sulphuric and nitric acids, and by 
distilling it over sodium. The pw® hydrocarbon boils constantly at 
124° C., and has the specific gravity 9°7083 at 12°°5. 


0°2870 of this liquid gave 0°8840 CO, and 0°4150 H,O. 


Calculated. 
oe Found. 
Crt 05 .gar9 84-0) 
oe 18 15°68 16°1 
114 100°0 TOOs1 


As I have shown in my last communication to the Society, a hydro- 
carbon, having the formula C, H,, and the boiling-point 123°, contains one 
carbon atom, which is combined with 3 others, or the carbon atoms are 
grouped in a similar manner asin the amyl compounds. ‘The structure of 
isoctyl alcohol will therefore most probably be expressed by the follow- 
ing formula :— 

CH, CH, 
Se 
SS 


oil is inactive. This physical difference is most probably caused by a different arrange- 
ment of the molecules, and not by a different grouping of the atoms in the molecule, 
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By distilling sebacic acid with caustic baryta, Riche* obtained the 
hydrocarbon C, H,,, which boiled at 127°. Riche, however, did not . 
obtain this compound in a pure state. I prepared this hydrocarbon in the 
same way, and found that the distillate isa mixture of different compounds, 
just as is the case when suberic and azelaic acids are distilled with 
barytay. The pure hydrocarbon, isolated from this mixture by means of 
strong acids and so on, boils at 123°-125°, and has the same specific gravity 
as that from isotyl alcohol, viz. 0°7083 at 12°-5. These two hydrocarbons 
appear, therefore, to be identical, and the carbon atoms in sebacic acid must 
also be arranged in a similar manner as in isoctyl alcohol. 


The secondary amyl and octyl alcohols may be considered to be derived 
from the tertiary butyl alcohol, in a similar manner as the butyl and amyl 
alcohols formed by fermentation from the secondary propyl alcohol, viz.— 


Boiling- Differ- 
point. ence. 


Secondary propyl! alcohol, CH 84° 


ike) 
pha 
O 


VA 
Fermentation butyl alechol, CH 108° 


24° 


Fermentation amyl alcohol, CH Ve2Ze 


Tertiary butyl alcohol, . OH 99 


26° 


* Ann. der Chem. und Pharm. vol. exv. p. 111. 
+ Dale, Journ. Chem. Soc. New Ser. vol. ii. p. 258. 
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Boiling- Differ- 
point. ence. 


20° 
Secondary amyl alcohol, 


ae 242 


Secondary octyl alcohol, 181° 


It is seen that the difference in the boiling-points in both series is about 
24° for each increase of CH, ; and further, that the boiling-point of a mem- 
ber of the first series is the same as the boiling-point of that member of the 
second series which contains CH, more. 


VI. “ Announcement of the intention of the Swedish Government 
to send out a new Polar Expedition.” In a Letter addressed 
to the President, by Prof. A. E. Norprmnskionp. Communi- 
cated by the President. Received May 14, 1868. 


Stockholm, May 9, 1868. 

Dear Sir,—Some days ago I had the pleasure of receiving your kind 
letter of the 12th February, and the same day I was informed that the sum 
necessary for a new Polar Expedition was furnished by some private gentle- 
men of Gottenburg. Since then this undertaking has been embraced with 
great interest by the Swedish Government and the navy, who have granted 
the new expedition a strong and excellent screw-steamer, which will be 
supplied with provisions for a year. 

The main object of the expedition will be to penetrate northward from 
Spitzbergen ; but several naturalists will also accompany it. 

I hope the new undertaking will be embraced by you with the same in- 
terest as the former ones, though the measurement of an arc of meridian 
does not yet make the aim of our enterprise. But I think that during the 
expedition I shall be able to amend my omission of measuring the hill south 
of Fairhayen*, which surely will furnish an excellent datum for determining 


* Philosophical Transactions, 1824, p. 290. 
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the rising of the land in this part of Spitzbergen. I shall also, where the 
rocks are hard enough for the purpose, bore along the shores as many 
watermarks as possible, to give in the future sure data for the settling of 
the same interesting question. 

-If it were possible to obtain a good pendulum we also would make 
pendulum observations, at least if the expedition remains in these regions 
during the winter. 

P.S. The expedition will start from Gottenburg July the 15th. 


VII. ‘Further Observations on the Spectra of the Sun, and of 
some of the Stars and Nebule, with an attempt to determine 
therefrom whether these Bodies are moving towards or from the 
Earth.” By Witi1am Hueerns, F.B.S. Received April 23, 
1868. 

(Abstract.) 
§ I. Introduction. 

The author states that at the time of the publication of the “‘ Observations 
on the Spectra of the Fixed Stars,” made jointly by himself and Dr. W. 
A. Miller, Treas. R.S., they were fully aware that the direct comparisons 
of the bright lines of terrestrial substances with the dark lines in the 
spectra of the stars, which they had accomplished, were not only of value 
for the more immediate purpose for which they had been undertaken, 
namely, to cbtain information of the chemical constitution of the invest- 
ing atmospheres of the stars, but that they might possibly serve to reveal 
something of the motions of the stars relatively to our system. If the 
stars were moving towards or from the earth, their motion, compounded 
with the earth’s motion, would alter to an observer on the earth the re- 
frangibility of the light emitted by them, and consequently the lines of 
terrestrial substances would no longer coincide in position in the spectrum 
with the dark lines produced by the absorption of the vapours of the 
same substances existing in the stars. 

The method employed by them would certainly have revealed an altera- 
tion of refrangibility as great as that which separates the lines D. They 
had, therefore, proof that the stars which they had examined, among 
others Aldebaran, a Orionis, ( Pegasi,. Sirius, a Lyre, Capella, 
Arcturus, Castor, Pollux, were not moving with a velocity which would be 
indicated by such an amount of alteration of position in a line. 

Since, however, a change of refrangibility corresponding to that which 
separates the components of D would require a velocity of about 196 miles 
per second, it seemed to them premature to refer to this bearing of their 
observations. The earth’s motion, and that of the few stars of which the 
parallax has been ascertained, would make it probable that any alteration 
in position would not exceed a fraction of the change which would have 
been observed by them. 
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The author has since, for several years, devoted much time and labour 
to this investigation, and believes that he has obtained a satisfactory 
result. 

He refers to Doppler, who first suggested that the relative motion of 
the luminous object and the observer would cause an alteration of the 
wave-length of the light; and to Ballot, Klinkerfues, Sonnche, Fizeau, and 
Secchi, who have written on the subject. 

The author is permitted to enrich his paper with a statement of the 
influence of the motions of the heavenly bodies on light, and of some ex- 
periments made in an analogous direction, which he received in June 1867 
from Mr. J. C. Maxwell, F.R.S. 

It is shown that if the light of the star is due to the luminous vapour 
of sodium or any other element which gives rise to vibrations of definite 
period, or if the light of the star is absorbed by sodium-vapour, so as to 
be deficient in vibrations of a definite period, then the light, when it 
reaches the earth, will have an altered period of vibration, which is to the 
period of sodium as V+v is to V, when V is the velocity of light and v is 
the velocity of approach of the star to the earth. Equal velocities of sepa- 
ration or approach give equal changes of wave-length. 


§ II. Description of Apparatus. 

A new spectroscope is described, consisting in part of compound prisms, 
which gives a dispersive power equal to nearly seven prisms of 60° of 
dense flint glass. Various methods were employed for the purpose of 
ensuring perfect accuracy of relative position in the instrument between 
the star spectrum and the terrestrial spectrum to be compared with it. 
A new form of apparatus, which appears to be trustworthy in this respect, 
was contrived. Many of the observations were made with vacuum-tubes 
or electrodes of metal, placed before the object-glass of the telescope. 


§ III. Observations of Nebule. 

The author states that he has examined satisfactorily the general cha- 
racters of the spectra of about seventy nebulz. About one-third of these 
give a spectrum of bright lines; all these spectra may be regarded as mo- 
difications of the typical form, consisting of three bright lines, described 
in his former papers. 

Some of these nebulze have been reexamined with the large spectro- 
scope described in this paper, for the purpose of determining whether any 
of them were possessed of a motion that could be detected by a change of 
refrangibility, and whether the coincidence which had been observed of 
the first and the third line with a line of hydrogen and a line of nitrogen 
would be found to hold good when subjected to the test of a spreading 
out of the spectrum three or four times greater than that under which the 
former observations were made. The spectrum of the Great Nebula in 
Orion was very carefully examined by several different methods of com- 
parison of its spectrum with the spectra of terrestrial substances. 
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The coincidence of the lines with those of hydrogen and nitrogen re- 
mained apparently perfect with an apparatus in which a difference in 
wave-length of 0°0460 millionth of a millimetre would have been detected. 
These results increase greatly the probability that these lines are emitted 
by nitrogen and hydrogen. 

It was found that when the intensity of the spectrum of nitrogen was 
diminished by removing the induction-spark in nitrogen to a greater dis- 
tance from the slit, the whole spectrum disappeared with the exception of 
the double line, which agrees in position with the line in the nebule, so 
that, under these circumstances, the spectrum of nitrogen resembled the 
monochromatic spectra of some nebule. It is obvious that if the spec- 
trum of hydrogen were greatly reduced in intensity, the strong line in the 
blue, which corresponds to one of the lmes of the nebular spectrum, 
would remain visible after the line in the red and the lines more refran- 
gible than F had become too feeble to affect the eye. 

It is a question of much interest whether the few lines of the spectra of 
these nebulee represent the whole of the light emitted by these bodies, or 
whether these lines are the strongest lines only of their spectra which have 
succeeded in reaching the earth. Since these nebulze are bodies which 
have a sensible diameter, and in all probability present a continuous lumi- 
nous surface, we cannot suppose that any lines have been extinguished by 
the effect of the distance of the objects from us. If we had reason to 
believe that the other lines which present themselves in the spectra of 
nitrogen and hydrogen were quenched on their way to us, we should have 
to regard their disappearance as an indication of a power of extinction 
residing in cosmical space, similar to that which was suggested from theo- 
retical considerations by Chéseaux, and was afterwards supported on other 
grounds by Olbers and the elder Struve. 

It is also shown that at the time of the observations this nebula was 
not receding from us with a velocity greater than 10 miles per second ; 
for this motion, added to the earth’s orbital velocity, would have caused 
a want of coincidence of the lines that could have been observed. If the 
nebula were approaching our system, its velocity might be as much as 
20 or 25 miles per second, for part of its motion of approach would be 
masked by the effect of the motion of the earth in the contrary direction. 


SIV. Oéservations of Stars. 


A detailed description is given of the comparisons of the line m Sirius 
corresponding to F, with a line of the hydrogen spectrum, and of the 
various precautions which were taken against error in this difficult and 
very delicate inquiry. The conclusions arrived at ave:—that the sub- 
stance in Sirius which produces the strong lines in the spectrum of that 
star is really hydrogen; further, that the aggregate result of the motions 
of the star and the earth in space, at the time the observations were made, 
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was to degrade the refrangibility of the dark line in Sirius by an amount 
of wave-length equal to 0°109 millionth of a millimetre. 

If the velocity of light be taken at 185,000 miles per second, and the 
wave-length of F at 486°50 millionths of a millimetre, the observed altera- 
tion in period of the line in Sirius will indicate a motion of recession 
between the earth and the star of 41°4 miles per second. 

At the time of observation, that part of the earth’s motion which was 
im the direction of the visual ray, was equal to a velocity of about 12 miles 
per second from the star. : 

There remains unaccounted for a motion of recession from the earth 
amounting to 29°4 miles per second, which we appear to be entitled to 
attribute to Sirius. 

Reference is made to the inequalities in the proper motion of Sirius ; 
and it is stated that at the present time the proper motion in Sirius in 
declination is less than its average amount by nearly the whole of that 
part of it which is variable, which circumstance may show that a part of 
the motion of the star is now in the direction of the visual ray. 

Independently of the variable part of its proper motion, the whole of 
the motion which can be directly observed by us is only that portion of 
its real motion which is at right angles to the visual ray. Now it is pre- 
cisely the other portion of it, which we could scarcely hope to learn from 
ordinary observations, which is revealed to us by prismatic observations. 
By combining both methods of research, it may be possible to obtain some 
knowledge of the real motions of the brighter stars and nebulee. 

Observations and comparisous, similar to those on Sirius, have been 
made on a Canis Minoris, Castor, Betelgeux, Aldebaran, and some other 
stars. The author reserves the results until these objects have been re- 
examined. It is but seldom that the atmosphere is favourable for the 
successful prosecution of this very delicate research. 


§ V. Observations of the Sun. 


The author has observed the sun with three distinct objects in view :— 

1. He has sought to discover if the spectrum of the light from the less 
luminous part of the sun near the limb, differs in any respect from that of 
the light from the central parts of his disk. 

2. He hoped to obtain a view of the red prominences visible during a 
solar eclipse by reducing the light from our atmosphere by dispersion ; 
for, under these circumstances, if the red prominences give a spectrum of 
bright lines, these lines would remain but little diminished in brightness, 
and might become visible. 

His observations in these two directions have been hitherto unsuccessful. 

3. He proposed to seek to gain from an examination of the spectra of 
the umbrz and penumbree of solar spots, some information as to the 
nature of these phenomena. He has successfully applied the large spec-. 
troscope, already described, to the light from the umbra of a spot. 
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His observations are in accordance generally with those communicated 
by Mr. Lockyer to the Royal Society. 

The author describes the examination of a spot on April 15th, 1868. 
He shows that about three-fourths of the apparent light of the umbra 
came from that region of the sun, and the remaining fourth from the in- 
tervening illuminated atmosphere of the earth. He observed an increase 
of width in most of the dark lines of the solar spectrum. The lines C 
and F, due to hydrogen, did not appear stronger in the spectrum of the 
umbra. No new lines were detected, nor were any of those of the normal 
solar spectrum observed to be wanting in the spectrum of the light from 
the umbra. No bright lines were seen. 

Some of the conditions of the solar surface are considered which the 
phenomena observed may be supposed to indicate. 

A cooler state of the heated vapours by which the lines of absorption 
are produced would diminish the radiation from the gas itself, and so 
leave more completely uncompensated the absorption by the gas of the 
light from behind it. Though in this way an apparent increased inten- 
sity of the dark lines would result, the observations seem to suggest a state 
of the vapours connected with tension and temperature in which their 
power of absorption for each line embraces an increased range of wave- 
length. Some of the conditions under which this state of things may be 
brought about are discussed. 

The absence of bright lines is not considered as conclusive of the com- 
plete absence of light in the umbra from luminous gas; for if there existed 
in the spot or above it the same vapours in a cooler state, the light would 
be almost wholly absorbed, and the feebler emanations of the cooler vapour 
might not do more than render less intense the dark gaps produced by 
the vapours in the stronger light of all refrangibilities which is evidently 
present. 

What is the source of the light in the umbra which gives the continuous 
spectrum? May the dense and intensely heated gases, which probably 
form the inner substance of the sun, emit, in some cases, lines so greatly 
expanded as to form, when numerous spectra are superposed, a sensibly 
continuous spectrum? Dr. Balfour Stewart has suggested that, as gases 
possess a power of general absorption of light, a heated mass of gas, if 
sufficiently dense to be opaque or nearly so, would give a continuous spec- 
trum as well as the spectrum of bright lines peculiar to it. 


VITI. “ On the Spectrum of Brorsen’s Comet, 1868.” By Wi1- 
LIAM Huecins, F.R.S. Received May 14, 1868. 


In January 1866 I communicated to the Royal Society the result of an 
examination of a small comet visible in the beginning of that year*. I 


* Proceedings of the Royal Society, vol. xv. p. 5. 
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examined the spectrum of another small and faint comet in May 1867. 
The spectra of these objects, as far as their very feeble light permitted them 
to be observed, appeared to be very similar, In the case of each of these 
comets, the spectrum of the minute nucleus appeared to consist of a bright 
line between B and F, about the position of the double line of the spec- 
trum of nitrogen, while the nebulosity surrounding the nucleus and forming 
the coma gave a spectrum which was apparently continuous. 

Unfavourable weather prevented me from obtaining an observation of 
Brorsen’s comet, at its present reappearance, before April 29. Since that 
evening I have examined it on May 2, 4, 6, 7, 12, 13. As I have not 
noticed any change in its spectrum during this time, I will put together 
the results of my observations on different nights, in order to avoid the 
repetition which would occur if the observations were arranged in the order 
in which they were made. 

I tried various spectroscopes upon this object. The best views of its 
spectrum were obtained with a spectroscope of the form already described 
in my former papers*, and furnished with one prism of very dispersive flint 
glass, with a refracting angle of 60°. Some measures were taken with a 
similar spectroscope, with two prisms of 60°. 

The comet appears in the telescope as a nearly round nebulosity, in 
which the light increases rapidly towards the centre, where on some occa- 
sions I detected, I believe, a small stellar nucleus. Generally this minute 
nucleus was not to be distinguished from the bright central part of the comet. 


Solar. 
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I suspected two or three bright points in the coma. May 7, I perceived 
a small extension of the faint surrounding nebulosity in a direction oppo- 
site to the sun, so as to form a short tail. 

The spectrum of this comet consists for the most part of three bright 


* Philosophical Transactions, 1864, p. 415. 
VOL. XVI. 2N 
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bands. The length of the bands in the instrument shows that they are not 
due alone to the stellar nucleus, but are produced by the light of the 
brighter portions of the coma. 

I took some pains to learn the precise character of these luminous as 
_ When the slit was wide they resembled the expanded lines seen in some 
gases; for example, the line F in the spectrum of hydrogen at the atmo- 
spheric pressure. As the slit was made narrow the two fainter bands, 
namely the one in the yellow and the one in the blue, appeared to fade out 
without becoming more defined. I was unable to resolve these bands into 
lines. In this respect they are very different from the bright lines of the 
nebulz, which become narrow as the slit is made narrow. 

The middle band, which is so much brighter than the others that it may 
be considered to represent probably three-fourths, or nearly so, of the whole 
of the light which we receive from the comet, appears to possess similar 
characters. In this nebulous band, however, I detected occasicnally two 
bright lines, which appeared to be shorter than the band, and may be 
due to the nucleus itself. This suspicion seems to be strengthened by the 
circumstance that when by moving the telescope the image of the comet 
was made to pass before the slit, these brighter lines were only observed 
when the middle of the comet was upon the slit, while the nebulous band 
continued as long as any part of the comet, except its extreme margin, was 
upon the slit. 

Besides these three bright bands there was a very faint continuous spec- 
trum. This spectrum is omitted in the diagram, as it could scarcely be 
represented without_making it appear too strong relatively to the bright 
bands. 

_The position in the spectrum of the bands was determined by micro- 
metrical measures, and also by simultaneous comparison, of the bands with 
the bright lines of magnesium, sodium, hydrogen, and nitrogen. The 
brightest band, which is in the green part of the spectrum, is nearly in the 
position of the brightest line of the nebule, which coincides with the double 
line of the spectrum of nitrogen; but, as the diagram shows, the band in 
the comet is in a small degree less refrangible than the line of nitrogen. 
This difference of refrangibility cannot be attributed to the comet’s 
motion, since at the time the observations were made the comet was ap- 
proaching the earth. 

.The band in the blue is considerably more refrangible than F, and is 
nearly as refrangible as the group of bright lines in the air-spectrum, which 
have the numbers 2642, 2669 in the map and tables of my paper ‘On 
the Spectra of the Chemical Elements” *. 

The least refrangible of the bands occurs in the yellow part of the spec- 
trum, at about the distance from E of one-third of the interval which sepa- 
rates E from D. 

The spectrum of this comet resembles the diagram given by Donati of 

* Astronomische Nachrichten, No. 1488. 
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the spectrum of Comet I., 1864*. The positions of the three bands seen 
by him appear to agree with those which the bright bands of this comet 
occupy. 

This comet differs remarkably from the two small comets which I ex- 
amined in the much smaller relative proportion of the light which forms a 
continuous spectrum. In Brorsen’s comet, as it now appears, the bright 
middle part of the nebulosity seems to have a constitution analogous at 
least to that of the nucleus, and to be self-luminous; in the other comets 
the coma, which surrounded a distinctly marked nucleus, gave a continuous 
spectrum. The three comets resemble each other in the circumstance 
that the light of the bright central part was emitted by the cometary 
matter, while the surrounding nebulosity reflected solar light. 

The telescopic observations of the heads of Donati’s comet and of other 
large comets have shown that the luminous material is not at once driven 
off into the outer portions of the coma and the tail, but usually forms in 
front of the nucleus a dense luminous cloud, which for a time seems to be 
identical in the character of its light with that of the nucleus. It is, I 
believe, the outer portions only of the coma, which are frequently sepa- 
rated by dark spaces from the nucleus, and the tail, which the polariscope 
has shown to shine by reflected light. 

The positions of the bands in this comet would seem to indicate a che- 
mical constitution different from that of the nebulze, which give a spectrum 
of bright lines. It will be seen in the diagram that, though the brightest 
of the bands in the spectrum of the comet differs but little in position from 
the brightest line of the nebule, the other bands are found in parts of the 
spectrum widely removed from those in which the other lines of the 
nebule occur. The suggestion presents itself whether the broad, nebu- 
lous bands may not indicate conditions of temperature and molecular state 
different from those which occur in the gaseous nebule. Pliicker has 
shown that nitrogen and some other substances give totally different spectra, 
under different conditions of temperature and tension. The spectrum of this 
comet, however, does not resemble the other spectrum of nitrogen, which 
Plicker distinguishes as the spectrum of the first ordert. 


1X. “ Memoir on ‘Undevelopable Uniquadric Homographics.’” By 
Martin Garpiner, C.K. Communicated by the Rev. R. Towns- 
END, F'.R.S. Received April 13, 1868. 


(Abstract. ) 


In this paper the author’s method of investigation is purely geometrical 
throughout, its arrangement of details is systematic and natural, and it is 
divided into eight chapters, the first seven of which are preparatory to the 
consideration of the interesting problem discussed at length in the eighth, 


* Philosophical Transactions, 1864, p. 158. 
t Ibid. 1865, p. 9. 
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the direct, general, and complete solution of which is claimed to be given 
in it for the first time. 

Chapter I., after some preliminary general properties, resulting imme- 
diately from the known properties of homographic systems of points on 

plane conics, treats more particularly of the simplest case of such sys- 
tems on undevelopable quadrics, viz. of the case of systems in perspective, 
the several pairs of whose corresponding constituents possess manifestly 
the property of interchangeability; shows that systems having three double 
points not in the same tangent plane to the quadric on which they lie are 
necessarily of that class, except only when they have a fourth double point 
not in the plane of the other three, in which case they altogether coincide ; 
and gives simple instances in which the problem, whose solution is the 
principal object of the memoir, is manifestly either ‘ wholly or partially 
porismatic,” as he terms it. | 

Chapter II. treats of systems whose several pairs of corresponding 
points are interchangeable but which are not in perspective ; shows that 
their several chords of connexion intersect the same two reciprocal lines 
with respect to the quadric on which they lie ; shows the relation between 
either system and the perspective of the other to any point on either of 
those lines, also the relation between either of two systems in perspective 
and the perspective of either to any point conjugate to their centre of per- 
spective with respect to the surface ; and shows how to construct the two 
reciprocal lines from two pairs of corresponding points of the systems. 

Chapter III. treats of systems whose several pairs of corresponding 
points connect through a single common line, which have therefore an 
infinite number of double planes passing through that line; shows that 
their several chords of connexion, besides intersecting the line, all touch 
a second quadric having double contact with the original, both at its two 
points of intersection with the line, and also at its two points of intersec- 
tion with the reciprocal line; proves a property of the cone enveloping 
either surface from any vertex taken arbitrarily on either line, shows the 
relation between either system and the perspective of the other to any 
point on either line ; and shows how to construct the two reciprocal lines 
from two pairs of corresponding points of the systems. 

Chapter IV. treats of systems. having two of their four double planes 
non-tangential to the quadric on which they lie ; shows that the chords 
connecting their several pairs of corresponding points touch two cones en- 
veloping the quadric along two planes colinear with and harmonically con- 
jugate to each other with respect to the two non-tangential double planes ; 
proves that those touching along a plane section of either cone generate a 
skew quadric ; shows that the two homographic systems determined by the 
two correspondents in the two systems of a variable point on the quadric 
are of the class considered in the preceding chapter, having an infinite 
number of double planes passing through the line of intersection of the 
two non-tangential double planes of the original systems; and shows the 


1868. | Uniquadric Homographics. 391 


relation between either system and the perspective of the other to any 
point on that line of intersection. 

Chapter V. treats of systems having their four double planes all tan- 
gential to the quadric on which they lie, shows that the chords connecting 
their several pairs of corresponding points touch two other quadrics having 
quadruple contact with the original at the four double points of the systems, 
and gives various constructions for the determination of the four double 
points when the law connecting the several pairs of corresponding peute 
of the systems is given or known. 

Chapter VI. gives various criteria for determining in certain cases to 
which of the preceding classes two homographic systems belong, where, as 
in the problem whose solution forms the principal object of the memoir, 
the law connecting the same pairs of corresponding points of the systems 
is given or known. 

Chapter VII. contains numerous theorems, several of much interest and 
originality, respecting open and closed polygons inscribed in undevelopable 
quadrics, whose sides pass in the same order of sequence through a common 
system of points in space, all deduced from the principles established in 
the preceding chapters, and several having direct reference to the interest- 
ing problem to be considered in the next and closing chapter. 

Chapter VIII.—Given an undevelopable quadric and 2 fixed points in 
to find the space ; first extremities of inscribable closed 7’ gons, or the locus 
of the first extremities when the inscription of the closed n’gons is poris- 
matic. 

When the number n of given points as odd. 

Assume any three points a,, 6,, c, in the surface, no two of which are on 
one generator, as first extremities, and proceed to inscribe 2n’gons. 

(1) If the three points be found to be first extremities of closed »’gons, 
then will the trace of their plane be the locus of first extremities of closed 
n’gons, the problem in such case being partially porismatic. 

(2) If the points are first extremities of closed 2n’gons, or if two of them 
be first extremities of closed 2”’gons and the third one a first extremity of 
a closed z’gon, or if one of the points be the first extremity of a closed 
2n’gon, and the other two points first extremities of closed ’gons, then 
the line or lines forming the closing chords of the open n’gons composing 
the 2n’gon or 2n’gons (as may be) and the tangent plane or planes at the 
first extremity or extremities of the closed n’gon or »’gons (as may be) 
meet in one point p, the trace of whose polar plane R is the locus of first 
extremities of inscribable closed 7’ gons, the problem in such case being par- 
tially porismatic. 

(3) If two of the points be first extremities of closed m’gons and the 
third point the first extremity of an open 27’gon, then the problem is non- 
porismatic, and the two closed n’gons are the only inscribable closed n’gons. 
Moreover the reciprocal of the line joining the first extremities of the two 
closed #gons will pierce the quadrie in points which are the first extremi- 
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ties of inseribable closed 2n’geons (real or imaginary according as the quadric 
S is ruled or convex). 

(4) If one of the three chosen points be the first extremity of an open 
2n’gon (no matter as to the other two points) the problem is non-porismatic, 
. and we can find the first extremities of the closed ’gons by either of the 
four following methods :— 

First method.—Continue the 2n’gon until a 4n’gon be formed, and draw 
the plane P which contains the extremities of this 4n’gon and the point of 
junction of the two open 2n’gons composing it. Assume another point in 
the surface, not in the trace of the plane P, and, making it a first extremity, 
inscribe another 4n’gon; and through the extremities of this 4n’gon and 
the point of junction of the two open 2n’gons composing it draw a plane Q. 
Then with the line gw of intersection of the planes P and Q pierce the 
quadric in the only points (real or imaginary as may be) which are first 
extremities of closed ”’gons; and the line 2 reciprocal to «x will pierce 
the quadrie in points (real or imaginary as may be) which are first extre- 
mities of closed 2n’gons. 

Second method.—By the additional inscription of another open z’gon 
convert the open 2”’gon into an open 32’gon, and put A, B, C to represent 
the three open 7’ gons composing the open 3”’gon. Find the point of punc- 
ture of the line through the first extremity of A and the final extremity of 
B with the tangent-plane at the junction of A and B; find the point of 
puncture of the line through the first extremity of B and the final extre- 
mity of C with the tangent-plane at the junction of Band C. Then will 
the line zz through the two points of puncture pierce the quadric in two 
points (real or imaginary as may be) which are the first extremities of the 
only inscribable closed »’gons; and the line @, which is reciprocal to zz, 
will pierce in first extremities of closed 2”’gons. 

N.B. When 8 is a hyperboloid of one sheet, and that the first extremi- 
ties of the closed n’gons are real, then the first extremities of the closed 
2n’gons are also real; and it is evident there are two pairs of generators 
which are corresponding interchangeable lines in the homographic figures 
in which the extremities of the inscribable n’ gons are pairs of corresponding 
points. It is moreover evident that when all the corresponding points of 
such figures are not interchangeable, these are the only pairs of inter- 
changeable generators; and we must not assume the first extremities of the 
4n’gons or 3n’gons in these lines. 

Third method.—Let 0,, 0,, 0,,+++0n be the x fixed points through which 
the sides must pass in order. 

Assume the constant homological ratio —1 for homological systems, and 
making 0, vertex and its polar plane axis, find the point a, homological to 
the centre a, of the quadric; assume 0, as vertex and its polar plane as 
axis, and find the point «, homological to a, ; and proceed thus directly in 
order through the points until arrived at the point a,. Assume o, as 
vertex andits polar plane as axis, and find the point «_; homological to the 


1868. | Uniquadric Homographics. 393 


centre a, of the quadric ; assume o,— as vertex andits polar plane as axis, 
and find the point a_.2 homological to a_,; and proceed thus in reverse 
order through the rest of the z given points until arrived at the pot a_, 
(the points «,, %—» will be distinct). Draw the diametral plane A, which 
bisects the chords parallel to the line a, a—» (it will also bisect a, a—n) 3 
assume any two points in the trace of this plane as first extremities, and 
inscribe two 2’gons in the quadric; through the point a, and the final 
extremities of these n’gons draw the plane A, ; find the line of intersection 
wi of the planes A,, A,, and its reciprocal vz. Then will wx always pierce 
in the two points (real or imaginary as may be) which are the first extremi- 
ties of the only inscribable closed n’gons; and the line 22 will pierce in first 
extremities of closed 2x’gons. 

Fourth method.— Find the points a_» and a» as im last method ; assume 
any point a, in the surface as first extremity, and inscribe a n’gon whose 
last extremity we may represent by a,; draw the plane D, which contains 
the line a_,a, and the point a@,; draw the plane D, which contains the 
a,a, and the point a,; in the lines a,a-n, & a» find the points m,, m, 


such that 
ee A oe 
a,m, a,m aD asd * 
and in the same lines find the points /,, , such that 
Onl __ &n (Ox eee geil Eeepnete Ds 
a, hy, a, h, a, D;.a, D, 

Put &,, %,, to represent the homographic figures in which the first and 
final extremities of inscribable n’gons are corresponding points. Regard 
m, and h, as points in &,, and find their correspondents m,, A, in 2,,; draw 
the planes m,m,m,, h,h,A,, and find their line of intersection va and its re- 
ciprocal 7. Then will the line vz pierce the quadric in the only points 
(real or imaginary as may be) which are first extremities of inscribable 
closed n’gons, and the line «w will pierce in first extremities of closed 
2n’gons. 

Moreover the planes m,m,m,, h,h,h, are the only two double planes of the 
figures &,, 4, wnich are non-tangential to the quadric. 

N.B. When the points w_», a, are coincident, the inscription of the 
closed n’gons is partially porismatic, and one of the two points which divide 
&—n&, and the diameter coincident with it harmonically is the point of con- 
currence of the closing chords of all inscribable open n’gons, and the polar 
plane of which passes through the other, &c. 

When the centre of the quadric is a double point, then according as all 
the closing chords are parallels or pass through the centre, so will the locus 
of the first extremities of the closed n’gons be the trace of a diametral plane 
or of a plane at infinity. 


When the number un of given points is even. 
Assume three points a,, b,, c, on the surface, no two of which are on 
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the same generator ; and, making them first extremities, proceed to inscribe 
2n’gons. 

(1) If these assumed points be found to be first extremities of closed 
n’gons, the problem is fully porismatic, and every point in the surface will 
‘be the first extremity of an inscribable closed n’gon. 

(2) If two of the points be found to be first extremities of closed n’gons 
and the other not, then the line va through these two points, and the line 
w# reciprocal to zx, pierce the quadric in four points (the punctures made 
by 2 being real or imaginary as may be) which constitute the first extremi- 
ties of all the inscribable closed x’gons. 

(3) If one of the points be the first extremity of a closed n’gon, and an- 
other of them be first extremity of a closed 2n’gon. Draw the closing chord 
of the two open ’gons composing the closed 2n’gon to pierce the tangent- 
plane at the first extremity of the closed n’gon in the point p; in the clo- 
sing chord find the point » which is conjugate to the point of puncture p; 
through p and the first extremity of the closed n’gon draw the line xx, and 
find the line 2 reciprocal to zz. Then will the lines xx and a pierce the 
quadric in the four [puns which constitute the first extremities of all the 
inscribable closed n’gons. | 

(4) If two of the assumed points be found to be first extremities of closed 
2n’gons, we may find the first extremities of the inscribable closed n’gons 
by either of the four following methods :— 

First method.—Draw the two closing chords of the open z’gons compo- 
sing the 2n’gons; and, if these chords intersect in a point p, draw the line 
xx which is polar of p in respect to the trace of the plane of the two chords ; 
find the line 2 reciprocal to zz. Then will wx and w pierce the quadric in 
the first extremities of the closed ’gons. But if the chords do not inter- 
sect, draw tangent-planes at their extremities ; find the two pairs of points 
(one pair in each chord) which divide these closing chords and the seg- 
ments intercepted by the tangent-planes harmonically ; draw the line 2x 
through the two of these points which divide the chords internally; draw 
the line 22 through the two points which divide the chords externally. 
Then will va and i be reciprocal lines piercing the quadric in four points 
which are first extremities of the inscribable closed m’gons. 

Second method.—Find a,a,, 6,6,, ¢,¢, the closing chords of three open 
ngons. If any two of these intersect, proceed as in the last method ; but 
if not, proceed as follows :—In the chord a,a, find the point m which cor- 
responds to infinity (on the same line) in one of the homographie figures 
in which the extremities of all inscribable m’gons are corresponding in- 
terchangeable points ; in the same chord a,a, find the two points x and 7 
such that me=mi= WV ma,.ma,; through « draw the line 2« which cuts 
the two non-planar chords be c,¢,; through 7 draw the line 2 which cuts 
the same two non-planar chords 6,4,, c,c,. Then will vv and 7 be reci- 
procal lines piercing the quadric in the four points which are the first extre- 
mities of closed »’gons. 
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Third method.—Draw a,a,, 6,6, the closing chords of the open n’gons 
composing the closed 2n’gons. If these two lines intersect in a point p, 
draw the line x through the points in @,a,, 6,6, which are harmonic con- 
jugates to p in respect to the segments a,a,, 6,6,; find the line 7 reciprocal 
to zz. Then will zx and i pierce the quadric in the four poimts which are 
first extremities of closed n’gons. But if a,a,, 6,6, do not intersect, then 
find the final extremity c, of the n’gon having the point ¢, as first extremity ; 
and if the line c,c, cuts either a,a, or 6,6,, the lines xx and 7 can be found 
in the manner just indicated. If c,c, do not cut either of the lines a;a,, 6,6, 
then find the points «,, a, in which a,a, pierces the planes 6,6,c,, 6,,¢, ; 
find the points (3,, 6, in which 6,6, pierces the planes a,a,c,, a,a,c,; find the 
points /,, 4, which divide the segments a@,a,, @,a, harmonically; find the 
points k,, 4, which divide the segments 6,0,, 3,6, harmonically ; through 
the two points /,, 2,, cutting a,a,, 6,6, internally, draw the line wx; through 
the two points ,, k,, cutting a,a,, 6,6, externally, draw the line 7. Then 
will wx and 7 be reciprocal lines piercing the quadric in the four points 
which are first extremities of closed n’gons. 

Fourth method.—Put %, and &,, to represent the homographic figures in 
which the first and final extremities of all inscribable m’gons are correspond- 
ing points; find the point a, which corresponds in either of the figures 2, 
=, to the centre a, of the quadric regarded as belonging to the other figure ; 
find the diameter d,d, which contains the points @,, a,; find the points p, 
q which divide the segments d,d, and «,a, harmonically; draw the plane 
P which is polar to the point p which lies outside the quadric ; find the 
point @, which is final extremity of a m’gon whose first extremity is in the 
trace of the plane P; draw «rz the diameter of the trace of P which bisects 
a,a, (the point a, will be in the trace of P); find the line % reciprocal to 
xe. Then will wx and w pierce in first extremities of the four inscribable 
closed n’gons. But if the centre a, of the quadric be a double point of the 
figures Z,, 2,,, proceed as follows :—Inscribe any n’gon in the quadric, and 
draw the diameter zz which bisects its closing chord. Then will the dia- 
meter xv and its reciprocal at infinity pierce the quadric in the four points 
which are first extremities of closed n’gons. 

(5) When we can inscribe an open 2x’gon the problem is always non- 
porismatic, and we can find the lines xz, 2 which pierce the quadric in first 
extremities of the four closed n’gons by either of the four following 
methods :— _ 

First method.—Put %, and %,, to represent the homographic figures in 
which the first and final extremities of all inscribable m’gons are correspond- 
ing points. In the figures 3, and %,, find the points 0, and o, which are 
the correspondents of the centre o of the quadric regarded as belonging to 
the figures =, and &,,; draw the diameter 707 which bisects 0,0,; find the 
line 7,0,7, in 3, which corresponds to ror in 3,,; bind the line 7’r’ reciprocal 
to r,7,; through the centre o draw the diametral plane K which bisects all 
chords parallel to ror ; find the points p,, p’ in which the reciprocal lines 7,7, 
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r'r’ pierce the plane K ; draw any plane P parallel to K, and through the 
points p,, »’ in which it cuts 7,7, and 7'7’ draw lines parallel to the diameter 
rr to pierce the plane K in points ¢,, ¢'; through the centre o draw (see 
‘Section of Ratio’ of oo) the two lines ow,a', 07,7’ so that 
0) 2, rpa@ iiptips: Pid PP 3 
iadnok a, and a! caw, lines parallel to 77 to cut 7,r, and 7’7’ in — x 
and «; through 7, and @’ draw lines parallel to rr to cut 7,7, and 77’ inz 
and z. Then will the lines vx and i be reciprocals piercing the quadric in 
the four points which are first extremities of the inscribable closed ”’gons. 
Second method.—In the closing chord ¢,e, of any inscribed open 7’ gon 

assume any point p, and for the moment regard it as n+ 1th point ofa 
series having the x fixed points as first x points; choose four points 0,, d,, 
e,, f, in the surface so that no two of the five c,, 6,, d,, e,, f, lie on one ge- 
nerator; find the final points 6,, d,, e,, f, of inseribed (n+1)’gons whose 
sides pass in order through the n+ 1 points, and which have 6,, d,, e,, f, as 
first extremities. Then (representing tangent-planes at points by capital 
letters of like names, and subscript numbers as the small ones representing 
the points of contact) in the chord d,d, find the point d, such that 

d,d, — d,B, ° C B, - 

pd, 4,B,” ¢,B,” 
in the chord e,e, find the poimt e, such that 

€,€, _ &,B, c,B, 
fer tab ob 


2 


in the chord f, f, find the point f, such that 


BP ee” 

Sit, FB, ¢B, 
(the points d,, e,, 7, must be so determined as that a veal tangent-plane can 
pass through either of them) ; draw the plane d,e, f, and it will touch the 
quadric in a point a,; draw the line c,a,, and find the point q in it which is 
conjugate to p. Now if we regard the m given fixed points and the point q 
as the n+1 points of a series, every point in the surface will be the first 
extremity of a closed 2(n+1)’gon. Find (by last case) the two reciprocal 
lines yy, ze which pierce the quadric in first extremities of closed 
(n+ 1)’gons whose sides pass in order through these »+ 1 points ; find the 
line p’g' reciprocal to pq; draw the lines xz, 72, each of which cuts the four 
non-planar lines yy zz, pg, p'q'. Then will wx and «a be reciprocal lines 
piercing in four points which are the first extremities of the inscribable 


Nce 


closed 7’ gons. 

Third method.—On the closing chord c,c, of any inscribed open ’gon 
assume any point p, and regard it for the moment as the 2+ 1th point of a 
series to which the fixed points belong. Assume three points 6,, d,, e, 
in the surface so that no two of the points c,, 6,, d,, e, are on one generator, 
and find the final extremities 6,, d,, e, of scribed n’gons having 6,, d,, e, 
as first extremities ; draw the tangent-plane C, at the point ¢,; put D,, D,, 
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E,, E, to represent the four planes d,4,¢,, d,6,¢,, €,0,¢,, €,5,c, respectively ; 

through the line of intersection of the planes D,, D, draw the plane P the 

distances of any point in which from D, and D, have to each other the 

= to oe through the line of intersection of the planes E,, 
Zak 

E, draw the pluie Q which is such that the ratio of the distances of any 


point in it from E, and EH, is the same as that of on Ces find the line 


bE, b, C, 

of intersection mm of the planes P, Q (this line mm will Le a tangent to the 
quadric), and the point a, in which it touches the quadric; in the line 
e,a, find the point g conjugate to p. Then if we regard the z given fixed 
points and the point q as n+1 points of a series, any point in the surface 
will be first extremity of a closed 2(n+1)’gon. Find, by the preceding 
case, the two reciprocal lines yy, zz which pierce the quadric in first extre- 
mities of closed (z+ 1)’gons whose sides pass in order through these +1 
points ; find the line p’q’ reciprocal to pg; draw the lines xx and 2 each of 
which cuts the four non-planar lines yy, 2z, pq, p'g’. Then will vv and iz 
be reciprocals piercing in first extremities of the four inscribable closed 
n gons. 

Fourth method.—The following method is applicable in all cases in which 
miseven. Omit temporarily the nth point o,*of the given z points, and 
find the line U which pierces the quadric in the two first extremities of in- 
scribable closed (x—1)’gons whose sides pass in order through the n—1 
points ; find the point qg inthe line U which is conjugate to the omitted nth 
point o,. Then if we regard the n—1 given points and the point g as 
forming the z points of a new series, any point in the surface will be the 
first extremity of a closed 2n’gon. Find the two reciprocal lines yy, zz 
which pierce the quadric in first extremities of closed ’gons whose sides 
pass in order through the new series of x points; find the line p’g’ reci- 
procal to o,g ;, draw the lines wz, 7 each of which cuts the four non-planar 
lines yy, 22, Ong, p'g’'. Then will the lines wx and ii be reciprocals piercing 
the quadric in first extremities of the four inscribable closed n’gons whose 
sides pass in order through the given points. But if the inscription of 
the closed (n—1)’gons be partially porismatic, and p the point of concur- 
rence of the closing chords of the inscribable open (n—1)’gons, then will 
the line zz through o, and p, and the line 2 reciprocal to wz pierce the 
quadric in the first extremities of the inscribable closed n’gons. 

N.B. And if o, be in such case coincident with p, then the problem is 
fully eee and every point in the surface is the first extremity of a 
closed n’gon. 

N.B. We may also dane that when the inscription of the closed 
(n—1)’gons is non-porismatic, and that the point o, is situated in the line 
U, then, by conceiving g coincident with o, the lines yy, zz will be identical 
with za and 7. 

I may observe that the general problem can be completely solved by 


ratio of 
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“methods of reduction,” amongst which the following is perhaps the most 
obvious and simple :— 

Let S be the quadric, and 0, 0,, 0,, 0,,...0, the » given points. Put xz 
for the line through 0, and o,. Instead of 0, and 0, we can substitute the 
point p, in which the line x is cut by the plane 0,0,0,, and another point 
p, determinable in the same line xv. Then instead of the four planar points 
Pz» 95) O, 0, We can (see theorem 38) substitute two other points p,, p, in 
the same plane ; and therefore instead of the series of n points, we can sub- 
stitute the series of n—2 points p,, p,, P,, 05; 0;, +... 0, and the inscribable 
(n—2)’gons, closed and open as may be, whose sides pass in order through 
these points will have extremities identical with the extremities of inseri- 
bable x’gons. And thus step by step we can reduce the number of sides, 
until at length we find three points or four points, according as x is odd or 
even, such that the extremities of all inscribed 3’gons or 4’gons whose sides 
pass in order through such points are identical with extremities of inscri- 
bable x’gons whose sides pass through the original z points; and therefore 
to solve the problem all we have to do is to inscribe the closed 3’gons or 
closed 4’gons as may be. 

And in respect to this method we may observe, — 

(1) If any four consecutive points of any of the series be colinear and 
such as to render the inscription of closed 4’gons real, we may omit such 
points altogether from the series. 

(2) When 2 is odd, and that we reduce the problem to the inscription 
of closed 3’gons whose sides pass through three known points, then should 
such points be colinear or form a conjugate triad, the problem will be par- 
tially porismatic. 

(3) In the case in which x is odd, it is easy to perceive how the pro- 
blem can be reduced to the drawing of a line through a known point to cut 
two reciprocal lines (which potné will be on one of the lines when the pro- 
blem is partially porismatic). And when 2 is even, it is easy to see how 
the problem can be reduced to the drawing of the two lines which cut two 
pair of (determinable) reciprocal lines. 

(4) The following method of finding the line in the plane of four points 
which pierces in first extremities of closed 4’gons is obvious :—Let 0,, 0,, 
0,, 0, be the four planar points. 

Find p the point of intersection of the lines 0,0,, 0,0,; in the line 0,0, 
find the point m such that 0,0,, mp, and the pair of (real or imaginary) 
points in which 0,0, pierces the quadric, will form an involution ; in the line 
o o, find the point 2 such that the pairs of points 0,0,, pz, and the pomts in 
which 0,0, pieces the quadric, form an involution. Then will the line mn 
pierce in first extremities of closed 4’gors. 
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May 28, 1868. 
Lieut.-General SABINE, President, in the Chair. 


The following communications were read :— 


I. “A Comparison of the Kew and Lisbon Magnetic Curves 
during the Magnetic Storm of February 20-25, 1866.” By 
Senhor I. Brito Carrttzo, of the Lisbon Observatory. Com- 
municated by B. Stewart. Received April 18, 1868. 


During the 20th, 21st, 23rd, 24th, and 25th of February 1866, large 
magnetic disturbances were recorded by the magnetographs at the Lisbon 
and Kew Observatories. 

As these indicate several appreciable deviations from the normal types, 
I trust a description of them may be not without interest to the Royal 
Society. Dr. Stewart, Director of the Kew Observatory, has kindly sent 
me copies of the Kew magnetic curves during these disturbances. 

In order thoroughly to ascertain the laws governing the forces which 
disturb the ordinary magnetic condition of the globe, we should reduce 
in a systematic manner, such as General Sabine has so ably pursued, the 
observations made at a number of stations, and then classify and discuss 
the valuable results so obtained. 

Nevertheless the present communication relative to the disturbances ob- 
served at two stations offers some interest, on account of the apparent 
variability of the forces which are in action during the same disturbance, 
and also the apparently variable relations between these forces at Lisbon 
and the same forces at Kew. 

In a former comparison made between the magnetic curves of Kew and 
Lisbon (Proceedings of the Royal Society, No. 60), it was established 
that at Lisbon, during disturbances, the vertical force and the declination 
curves were invariably opposed to each other, 7. e. a concave wave of one 
of the curves always corresponded with a similar convex one in the other ; 
or, in other words, an augmentation of the vertical force agreed with an 
horizontal movement of the north pole of the bar towards the east, and a 
diminution of the same component to a movement of the north pole to 
the west. 

This general law applied both to the large and slow movements (waves), 
and the short and rapid ones (peaks and hollows). 

However, there were some very rare instances in which this law did not 
altogether hold good. In these cases, although the peaks and waves were 
reproduced in the two curves in inverted order, yet the whole of the one 
curve for some period did not assume the inverted form of the other 
curve. 

The periods of disturbance which are the objects of this discussion 
belong to these abnormal types. 
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In the paper quoted above, the authors have also shown,— 

Ist. That all the small peaks in the Kew curves are simultaneously re- 
produced in the Lisbon curves in the same sense in the declination and 
bifilar, but in a contrary direction in the vertical force. 

2nd. That, generally, all the waves of the declination and bifilar at Kew 
were reproduced in the corresponding Lisbon curves, sometimes more or 
less disfigured. 

3rd. That in the generality of cases, with the exception of peaks and 
hollows, in which they are opposed, the vertical-force curves of the two 
stations do not resemble each other. 

Let us now see if these laws are confirmed in these disturbances. 

First Disturbance.—This series of disturbances commenced at Lisbon, 
February 20th 16” 12" G. M.T., by a sudden increase of the declination, 
and an enormous diminution of the vertical force. The horizontal force 
likewise decreased rapidly, but 13™ later (16" 25"): this is noteworthy. 
However, the three elements, and especially the horizontal force, had been 
somewhat disturbed since 10° 27" G. M.T. 

It is noticeable, in the large diminution of vertical force, that although 
the curve in descending ran off the edge of the paper, we can fix the point 
of minimum (approximately), which gives us a little more than 0°1 
(English units) as the value of the disturbance. The increase in declina- 
tion was nearly a degree (59'3), and the diminution of horizontal force 
0°052 English units. 

This inet diminution commenced, as we have before stated, 13™ later than 
the other disturbances ; and the time of minimum is also 6™ to 8™ after 
the corresponding points of declination and vertical force. 

In other respects the remaining waves of the horizontal force do not 
agree with those of the declination and vertical force. 

The Kew curves agree tolerably well with the Lisbon curves, up to the 
time of the large and rapid movements. Here it appears that the large 
movements of the three instruments were of the same nature as the 
Lisbon ones; and it is very possible that the large variations were 
more considerable and rapid, since they failed to record their traces on the 
paper. 

These large movements seem to have begun in the three instruments at 
Kew at the same time (16”" 30™), at which time the Lisbon declination and 
vertical force had deviated to half their full extent. 

The small peaks are reproduced at the two stations at the same absolute 
time, the two vertical forces being always in opposite directions. 

The first period of this disturbance seems, therefore, to be of the same 
nature in the two stations, 7. e. the disturbing forces have acted on the 
three instruments in a similar manner. 

Second Disturbance.—Let us now pass to the second period. 

The large movements have ceased, but the horizontal force remains too 
low, and in continual vibration. Towards 2” and 3* of the 21st of February 
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we may take as the recommencement of a second period, which terminated 
about 7 P.M. 

In the Lisbon declination we see at the beginning and end of this period 
two similar undulations, each about half an hour in duration, and almost 
regular. In the middle there are smaller waves, interrupted by peaks and 
hollows. The diminution of declination is not remarkable. 

In the vertical force we have the same waves in a contrary direction to 
the declination ; but the ascending branch is in one instance greater than 
the corresponding descent in the declination. A similar difference may 
be noticed in the last wave but one, by which it happens that the vertical- 
force curve shows an increase of force during two hours and a half, without 
a corresponding decrease of the declination. 

The horizontal force retained its position below the mean until 3° 20”, 
when it descended further till 4"; then it ascended successively till 6°, 
where it stopped very nearly in its normal position. 

We will now discuss the Kew curves. The declination has been greatly 
disturbed by large deviations above and below its normal position, a 
general decrease of declination, however, taking place during more than 
three hours of great disturbance. 

The needle has oscillated 40’ in are, while the Lisbon oscillations have 
not exceeded 8’. Some movements seem to agree with Lisbon ones, 
others, on the contrary, disagree entirely ; and even in those movements 
which correspond, some differences of time are appreciable, which cannot 
be due to error in the time-scale. 

The vertical force at Kew increases rapidly from 2" 35™ to 3° 50™; a 
period of fluctuations then follows up to 5", after which the curve rapidly 
descends irregularly to the end. 

The Kew vertical-force curve only agrees with the Lisbon curve in the 
general aspect of the disturbances, the period of greatest increase lasting 
but 1" 15™, while at Lisbon it was 2° 10™. 

It should be also remarked that the vertical force does not agree in the 
slightest with the horizontal force at Kew. 

The horizontal force at Kew seems to follow the inverse direction of 
that of Lisbon, and its general form resembles that of Lisbon inverted. 
After 5 30™ the waves appear to agree. 

Thus we see, in the same disturbance, two periods at an interval of some 
hours, which show their relations at the two stations to be of an entirely 
different nature. 

In the first period the three instruments agree; in the second, the 
horizontal components differ, and all similarity is wanting in the vertical 
force and declination during the greater part of the total duration. 

A long calm period, 46” in duration, followed these large disturbances ; 
during which the series of small peaks and hollows were reproduced in the 
three curves, chiefly in the morning (17* to 21”) of the 21st and 22nd days. 

Third Disturbance.—Another disturbance commenced about 6" on the 
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23rd of February, which lasted up till 12" 30". The horizontal force was 
in motion from 3° 50™. 

The general appearance of this disturbance at Lisbon is a large decrease 
of declination and horizontal force, and an increase of vertical force for 
some hours. 

It is noteworthy that the waves in the Lisbon curves are clean and 
rounded in the declination and vertical force. The Kew curves show also 
fewer peaks and hollows than during the former disturbances. 

At Lisbon this general rule is found to exist : the declination disturbance 
is opposite in direction to the vertical force. The declination curve agrees 
very well with the Kew curve; the variations of the latter are larger, as is 
usual. There is one remarkable circumstance, the first minimum (6" 33™) 
happens 6™ or 7™ before Kew, the other maxima and minima agree, with 
the exception of very small differences, which may be attributed to the 
difficulty of determining precisely the extreme points of the Lisbon curve, 
on account of their roundness. 

The vertical-force curves show a general similarity, but the connexion 
between the different phases is not seen. It is remarkable that the general 
form of the Kew vertical-force curve has a great likeness to the Lisbon 
horizontal force, but in an inverted order, although the extreme opposite 
points of maxima and minima do not occur at the same time. 

The horizontal-force curves agree very well up to 8"; after this time it 
is easily seen that the Kew curve agrees almost exactly with the Lisbon 
vertical force. 

Fourth Disturbance.—Two less important periods follow this period, 
which terminate about 15> on the 24th: after ten hours of comparative 
calm the magnets are again set in motion at Lisbon, by a deviation of the 
horizontal force and declination and a depression in the vertical force, about 
1” 45™ on the 25th. This disturbance is composed of three large waves, 
much agitated, and full of peaks and hollows, or serrated. 

At the first glance we see immediately that the general trait of the 
disturbance is identical at Kew and Lisbon, 2. e. the different phases of the 
three instruments agree witli one another. 

The Kew curve generally agrees with the Lisbon one, although several 
periods are more developed, particularly some waves between 5° 30™ and 
9" more developed at Kew. The horizontal-force curves also agree; but 
it must be remarked that the waves (between 5° 30™ and 9"), which are 
most developed at Kew in the declination, are less developed in the hori- 
zontal force than at Lisbon. 

The two vertical-force curves generally agree; but the phases at Kew 
are in advance of those at Lisbon. The small peaks (those which can be 
identified) are inverted and simultaneous. It is also noteworthy that the 
first vertical-force movement at Kew is opposite to that at Lisbon. 

_ The vertical-force Lisbon curve is greater in its movements than the 
declination, and consequently deviates from the general law. 
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Thus we see that the same periods of certain disturbances are mani- 
fested very differently in two stations so near each other as Kew and 
Lisbon. The modification is the greatest, particularly in the periods which 
depart from the general rule at Lisbon, and are doubtless also abnormal 
at Kew. 

From the examples here quoted, it is evident that a great value would 
be attached to the curves from another intermediate station; for the little 
vertical-force peaks and hollows, being opposed at Lisbon and Kew, it 
would be very interesting to see if these peaks would be wholly or. nearly 
absent at some intermediate station. 

With a certain number of these magnetographs very discreetly placed, 
we may one day analyze the different forces acting on the needle in the 
different places on the earth—a manifest desirability. 


II. “On Supersaturated Saline Solutions.” By Cuaries Tom- 
LINSON, F.R.S. Received April 21, 1868. 


(Abstract.) 


This memoir is divided into six parts. The first part contains a defini- 
tion of the subject; the second an historical sketch ; the ¢hird is on the 
action of nuclei in inducing crystallization, and the effect of low tempera- 
tures on a number of supersaturated solutions contained in chemically clean 
vessels; the fourth is on the formation of a modified salt, as in the case of 
zinco-sulphate and sodic sulphate; the fifth contains an inquiry as to 
whether anhydrous salts form supersaturated solutions; and the sewth and 
last partis a summary with a classified list of the salts examined. 

1. Definition—When water at a high temperature is saturated with a 
salt, and, on being left to cool in a closed vessel, retains in solution a larger 
quantity of the salt than it could take up at the reduced temperature, the 
solution is said to be supersaturated. 

2. History.—During many years the phenomena of supersaturation 
were studied with reference to solutions of Glauber’s salt. In 1809, Ziz of 
Mayence* showed that the sudden crystallization of these solutions is not 
due to agitation; that the vessels containing the solutions do not require to 
be hermetically sealed; but if put under a bell-glass, or loosely covered as 
with a capsule, they can be preserved during a long time; that solids 
brought into contact with the solutions act as nuclei and produce instant 
crystallization, but that such solids act best as nuclei when dry; if wet or 
boiled up with the solution they become inactive. The most efficient nu- 
cleus is a crystal of the salt itself. Air, if artificially dried, ceases to be a 
nucleus. Three varieties of the sodic sulphate are noticed, 2. e. the anhy- 
drous and the ordinary 10-atom hydrate, and also a peculiar salt formed 
when supersaturated solutions in closed vessels are left to cool down. This 


* Schweigger, ‘Journal,’ 1815, vol. xv. 
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x salt, as it is termed, contains less water of crystallization than the ordi- 
nary salt, and is more soluble. If the vessel in which it is formed be sud- 
denly opened, or the mother-liquor touched with a nucleus, the mother- 
liquor instantly solidifies into the 10-atom hydrate, and the wz crystals be- 
come opaque, like the boiled white of an ego, 

In 1819 Gay-Lussac* referred the state of supersaturation to the inertia 
of the saline molecules, the molecular condition of the sides of the vessel, 
and other causes. He also showed that solutions of some other salts exhi- 
bit the phenomena of supersaturation. In 1832 the number of such 
salts was shown by Dr. Ogden*+ to be not less that twenty-one, 

In 1825 Faradayt published some experiments on the supersaturated 
solutions of Glauber’s salt. Graham§, Turner||, Ure, and others also con- 
tributed new facts;. but the most elaborate inquiry was by M. Lowel 
between the years 1850 and 1857, the results of which are contained in 
six memoirs§]. According to this writer, ae ordinary 10-atom sodie sul- 
phate increases in solubility from 32° to 93°'2 F., at which latter tenpera- 
ture it begins to fuse in its water of cr vajalliontieds and to deposit the an- 
hydrous salt. This salt follows an inverse order of solubility as compared 
with the 10-atom hydrate, its solubility diminishing as the temperature 
rises; or, what is the same thing, from 218°, the boiling-point of a satu- 
rated solution, down to 64° the solubility increases ; but at 64° the solution 
undergoes a new molecular modification, and begins to form erystals of the 
7-atom hydrate (the w salt of Ziz). This salt is much more soluble at or- 
dinary temperatures than the 10-atom hydrate, its maximum solubility being 
at 80°°6. Thus the sodie sulphate has three maxima of solubility; viz. 
93°-2 when it is under the molecular constitution of the 10-atom hydrate, 
78°'8 to 80°°6 when it is under the molecular constitution of the 7-atom 
hydrate, and 62°6 to 64°-4 when it is under the molecular constitution of 
the anhydrous salt. At these three maxima the saturated solutions are 
about equally rich in salt. The 7-atom hydrate and the anhydrous salt 
can only maintain their molecular constitution when in contact with the 
mother-liquor in closed vessels, in which they are sheltered from the air 
and from other bodies that act upon them as nuclei. No sooner are they 
exposed to the air than they become opaque and warm, and assume the mo- 
lecular constitution of the 10-atom hydrate as well as its solubility. Hence 
the conclusion is that supersaturated solutions of the sodic sulphate are not 
really so, since they hold a salt of much greater solubility at ordinary tem- 
peratures than the normal 10-atom salt. Ldéwel extends his inquiry to 
sodic carbonate and magnesia sulphate, and endeavours to show that in their 
supersaturated solutions salts of a lower degree of hydration and of greater 
solubility than the normal salts are formed; and his general conclusion is 


*< Annales de Chimie et de Physique, 2nd ser. vol. xi. t Edinb. New Phil. Journ. 
£ Quarterly Journal of Science, vol. xix. § Trans. Roy. Soc. Edinb. 
|| Elements of Chemistry. 

{ Annales de Chimie et de Physique, 3rd ser. vols. xxix., XXXii., XXXViL., xliii., xliv., XUx. 
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that all cases of supersaturation are in appearance only, and not in fact. 
As to the function of nuclei and the inner sides of the flasks in determi- 
ning crystallization, he regards it as the effect of one of those mysterious 
contact actions known as catalytic, of which science has not yet been able 
to give a satisfactory explanation. Bodies that appear to be active in indu- 
cing crystallization are designated as catalytic or dynamic, while bodies 
that are apparently inactive are termed non-catalytic or adynamic. “It 
appears certain,” he says, ‘that but for the mysterious action which the 
air and other bodies exert on supersaturated solutions, we should obtain 
sulphate of soda only in the modified state; that is, crystallized with seven 
equivalents of water, aud possessing at ordinary temperatures of the air a 
much greater solubility than that of the normal 10-atom salt.”’ 

Later inquirers have endeavoured to explain the nature of the force ex- 
erted by nuclei in inducing crystallization under certain conditions, and 
their passivity under others. Gernez* tried no less than 220 solids, and of 
these he selected 39 that were active in inducing crystallization: 18 were. 
insoluble; these were carefully washed in distilled water, and dried out. of 
contact with air. When dry they were found to be without action on the 
solutions they had previously caused to crystallize. The 21 soluble sub- 
stances were purified by recrystallization, and they all became inactive. 
Hence it is concluded that sulphate of soda is the only nucleus for solutions 
of the same salt. That is to say, whenever a glass rod or other body acts 
as a nucleus, it is contaminated with minute portions of the salt itself, which 
M. Gernez believes to exist in the air, not only of towns, but in the country. 
According to this view, the supersaturated solution of any other salt can only. 
be crystallized by a saline nucleus of its own kind. But, as M. Jeannel} has 
pointed out, if this theory be true, we must have floating in the air speci- 
mens of all kinds of salts that form supersaturated solutions, and crystallize 
by the introduction of a solid nucleus; whereas there are some such salts 
which cannot exist in the presence of the oxygen or of the ammonia of the 
air. M. Jeannel shows that a few drops of an ordinary solution of a salt 
will induce crystallization in a supersaturated solution of the same salt 
without contact of air. 

3. On the Action of Nuclei.—With respect to the action of nuclei on 
Saline supersaturated solutions generally, the author refers to a theory of 
hist which seems to account for the liberation of gases from their super. 
saturated solutions (soda-water, seltzer-water, champagne, &c) when a 
solid nucleus that had been exposed to the air isimmersed in them; while 
such nucleus becomes inactive if kept long in water, or passed through 
flame &c., and dried or cooled out of contact with air. The action of 
nuclei is referred to adhesion. Nuclei are active in inducing crystallization, 


* Comptes Rendus, vol. 1x. p. 833. A similar method was adopted by Schiff, Ann. 
der Chem. und Pharm. vol. cxi. p. 68. 

+ Ann, de Chim. et de Phys. 4th ser. vol. vi. p. 166 ; and Comptes Rendus, Jan. 2, 1866. 

t Phil. Mag. July and August 1867. 
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or they are inactive, according to the state of chemical purity of their sur- 
faces. In the case of a supersaturated saline solution, the sides of the 
vessel may act as nuclei, or any solid, and some liquid, bodies brought into 
contact with it. Now suppose the inner surface of the vessel to be made 
chemically clean, either by well washing it with strong sulphuric acid, or 
caustic alkali, or spirits of wine, or, as often happens, by boiling the saline 
solution in the vessel in which it is intended to be kept. In such cases 
there is perfect adhesion between the sides and the solution, and no salt will 
be liberated; the sides may in fact be regarded as merely a continuation of 
the liquid itself, and no salt can be formed there any more than in the cen- 
tral parts of the liquid. But suppose the sides to be not chemically clean, 
to be more or less dirty in fact ; in such cases adhesion is diminished or 
destroyed, and the surface of the liquid next to such sides is virtually as free 
as its upper surface. Salt will be deposited there, other circumstances 
being favourable, really from want of adhesion between the side and the 
liquid that holds the salt in solution. Now apply this to the case of a 
so-called ‘‘adynamic,” “ non-catalytic,”’ or “‘inactive’’ glass rod, or coin, or 
fragment of glass or of flint, &. A glass rod placed in the solution does 
nothing more than form new sides, as it were, to the vessel, and its effect 
is merely that of the sides. If chemically clean, the rod will form no 
crystals about it, and hence it is ‘‘inactive’’ because its adhesion is per- 
fect. If dirty, the surface of the solution in contact with it will be as free, 
or almost so, as the upper surface. It requires special means to produce a 
chemically clean surface ; and when produced, it is not easy to maintain it. 
A short exposure to the air, or a mere touch, will suffice to cover it with an 
organic film, or with motes or dust that prevent or lessen adhesion between 
it and the aqueous part of the solution, and apparently render an inactive 
solid active. When a glass rod &c. has been kept in water or passed 
through flame and dried, or cooled out of contact with the air, itis more or 
less chemically clean, and remains so while being sheltered. When Ziz found 
a knitting-needle active on one solution, and by passing it through the cork 
which confined a similar solution it became inactive, he simply made the 
wire chemically clean by the friction. Air is not a nucleus, and when it 
appears to act as such, it is simply as a carrier of some solid particle not 
chemically clean. Hence narrow-necked fiasks when opened retain their 
solutions liquid longer than wide-necked ones, as the former are less likely 
to catch motes &c. from the air-than the latter. Supersaturated solutions 
are best preserved by plugging tne necks of the flasks &c. with cotton-wool, 
since in cooling down the air is filtered in passing through the plug, and 
motes and dust are thus kept back. 

Tubes made chemically clean by the action of strong sulphuric acid may 
be filled with a strong solution of sodic sulphate, and when cold the tubes 
may be placed in a freezing-mixture at 10° F. without any separation of 
the salt. Hence the author differs from M. Lowel’s theory, which supposes 
a molecular change to take place when strong solutions of the salt are 
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cooled down below 60°. Supersaturated solutions of various saltswere cooled 
down to various temperatures from 32° to 0° F. without crystallizing. Sodic 
acetate, for example, was kept for some hours at 14°, when on touching it 
with a wire it became solid, and the temperature rose to 104°. Sodie 
arseniate, sodic succinate, sodic borate, sodio-potassic tartrate, potash alum, 
and other saline solutions were treated in this way. Some of these solu- 
tions become viscid at a low temperature, and do not immediately crys- 
tallize on removing the cotton-wool plug. If they be touched, or the 
side of the flask scratched with a chemically clean wire, there is no ac- 
tion ; but if the wire be not chemically clean, the scratches immediately 
become chalky white by being covered with minute crystals of the salt, 
and the action then spreads until the solution becomes solid. 

Some salts that are not very soluble in water, such as the plumbic 
acetate, form highly charged supersaturated solutions, and retain their 
liquid state below ordinary atmospheric temperatures. When at a certain 
point they suddenly solidify. Other solutions merely deposit the excess 
of salt above the condition of supersaturation, leaving the mother-liquor 
saturated ; the cupric sulphate is an example of this. 

The memoir contains a number of details respecting the action of nuclei, 
whether derived from the air, from the flask, from the salt itself, from the 
filter, or the cotton-wool used in closing the vessels. Ifthe solution touch 
the wool, crystallization immediately sets in; or if the upper part of a che- 
mically clean tube be touched with a finger slightly greasy before filtering 
into it the hot solution, the latter will cool down to the temperature of the 
air without crystallizing, nor will there be any effect if the tube be inclined 
so as to touch the clean portions of the inner surface; but the moment the 
solution comes upon the edge of the finger-mark, crystallization sets in, 
and the solution becomes solid. Solutions not filtered that begin to crys- 
tallize at above 100° in open vessels, or even in closed flasks, may by filtra- 
tion be freed from nuclei, and so cooled down in the latter to low tempera- 
tures without any separation of the salt. 

4, On the formation of a modified salt.—The readiness with which 
sodic sulphate parts with its water of crystallization, and two or three other 
considerations, make it more than probable that a solution of sodic sulphate 
at high temperatures is really a solution of the anhydrous salt. But M. 
Lowel supposes that a supersaturated solution in cooling down below 60° 
assumes a new molecular constitution, viz. that of the more soluble 7-atom 
hydrate which it then holds in solution. The author gives an experiment 
to show that such cannot be the case, but that the solution continues to 
hold the anhydrous salt until a portion of it actually separates. Ifa boiling 
solution of two parts salt to one part water be filtered into vessels made 
chemically clean by being washed out with spirits of wine instead of sul- 
phuric acid, and if these vessels, when cold, be placed in water at 32°, or 
from that to 40°, a few octohedral crystals of the anhydrous salt will be 
thrown down, ‘The temperature will slightly rise; and if the tube be now 
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set aside in a moderately warm air, the anhydrous salt will enter into solu- 
tion, forming a dense lower substratum, from which the 7-atom hydrate 
will be produced in small quantity, there not being sufficient water present 
to form the ordinary 10-atom salt. The rest of the solution is still super- 
saturated, and if the plug be removed from the vessel, crystallization will 
set in from the surface and proceed rapidly downwards, carrying down 
enough water to convert the whole solution, as well as the 7-atom, into the 
10-atom hydrate. 

This process may be conveniently watched in the case of the zine sul- 
phate. Whena saturated solution of this salt cools down from the boiling- 
point to about 70°, the monohydrated salt is thrown down in quantity, 
and, as the solution cools, a portion of this dissolves and a crop of acicular. 
erystals is produced which readily melt down at about 100°. Onremoving 
the cotton-wool from the tube, crystallization sets in from the surface, and 
the ordinary 6-atom hydrate is produced. 

The author examines M. Léwel’s experiments on solutions of the sodic 
carbonate in which two modified hydrates are pointed out, viz. the 7H Oa 
and the 7H O46, which differ in solubility from each other and from the 10- 
atom salt; but as M. Lowel attaches great importance to the peculiar cata- 
lytic properties of the sides of his vessels in determining the formation of 
these salts, the author cannot help thinking that M. Lowel’s results were 
due to portions of the sides of his vessel, not chemically clean, acting as 
nuclei. In chemically clean vessels M. Lowel’s results have not been re- 
produced ; for on reducing the temperature to a certain point depending on 
the strength of the solution, the whole became suddenly solid, with a rise 
in temperature of 35° or 40°. M., Lowel also points out two modifications 
produced from supersaturated solutions of the magnesia sulphate. The 
author has placed boiling saturated solutions, when cold, in freezing-mix- 
tures at 10° without producing any separation of the salt. 

The ammonia phosphate throws down from its supersaturated solution 
an anhydrous powder, which, again entering into solution, forms a dense 
lower stratum in which a modified transparent crystallized salt is formed in 
small quantity. 

The strontic nitrate also deposits an anhydrous salt in cooling down to 
about 62°; but as this salt is not soluble in the solution, the mabaeel salt 
is not formed. 

Some solutions on being cooled down in freezing-mixtures suddenly be- 
come solid; others freeze and sometimes thaw again without any separa- 
tion of the salt, as in the case of the cupric sulphate; but if a boiling 
saturated solution of this salt be prepared with strict attention to chemical 
purity, it may be cooled down to near 0° F. without any separation of the 
salt. 

5. Anhydrous Salts.—The method adopted to ascertain whether an an- 
hydrous salt forms a supersaturated solution was to make a solution of 
known strength, as indicated by some good Table of solubilities, raise it to 
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the boiling-point, and then note whether salt began to be thrown down 
when the solution cooled down to the temperature indicated by the Table. 
For example, according to Poggiale’s Table, 100 parts of water at 158° will 
dissolve 129°6 of sodic nitrate. This is the same thing as 622°22 grains of 
the salt in 1 ounce water. Such a solution on cooling ‘down from the boil- 
zpomt began to deposit salt at 160°. 

- In like manner, according to Gay-Lussac’s Table, 100 parts of water at 
150° F. contain 125 of potassic nitrate. A solution of 125 parts salt to’ 
100 of water began to deposit salt at about 149°. The deposit first: began 
to be made on the side nearest the window, or the coldest side, when the 
flask was suspended in air; but if the flask were placed on metal, or any 
other good conductor, a ring of salt was first formed at the bottom, some 
6° or 8° earlier than if the flask stood on a block of wood. 

It has been frequently stated that the potassic bichromate forms a super- 
saturated solution. According to Kremer, 200 of water at 140° F. dissolve 
100 parts of the salt. Such a solution, on cooling from the boiling-point 
began to throw down crystalline flakes at 138°. The remarkable deepen- 
ing in colour of this solution under the influence of heat is pointed out. 

Sal-ammoniac, potassic chlorate, and some other salts were also examined, 
the conclusion being that anhydrous salts do not form supersaturated so- 
lutions. 

6. Conclusion and Summary.—The author refers to the prevailing theory 
that supersaturation exists in appearance only and not in fact, since it is 
supposed to be the modified and more soluble salt that is nm solution. If 
this were true, it ought to apply to all cases of supersaturation, and it hag 
only been claimed in the case of a very few salts, and in them much im- 
portance has been attached to the active or the inactive condition of the 
sides of the vessels containing the solutions. 

The author, while admitting, in the case of a very few solutions, that a 
modified salt may be deposited, denies that it is due to any molecular change 
that takes place in the solution, either from reduction of temperature or 
any catalytic property of the sides of the vessel. His theory is that when 
these modified salts are formed, it is the anhydrous salt that is held in so- 
lution, a portion of which is thrown down as the temperature falls; and 
this anhydrous deposit, entering again into solution, forms a dense substra- 
tum containing less water than the upper portions, so that when the modi- 
fied salt forms in it, it is out of the reach of sufficient water to form the 
normal salt. When, on the contrary, under the influence of a nucleus, 
crystallization sets in from the surface, the normal salt is formed, and the 
crystals carry down sufficient water to convert the whole into the ordinary 
hydrated salt. 

As to the action of nuclei.or the sides of the vessel, when chemically 
clean the solution adheres to them as a whole, and there is no separation 
of the salt; when not chemically clean there is a stronger adhesion between 
the salt and the nucleus than between the salt and the solvent, and there 
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is a separation of salt; and the action of separation once begun, may be 
rapidly propagated throughout the whele solution. Boiling saturated solu- 
tions may be cooled down in chemically clean vessels and kept for any length 
of time, not because they undergo any molecular change or held a salt of 
greater solubility than the normal salt in solution, but they retain their 
fluid form simply from the absence of a nucleus. 

The salts examined in this memoir are arranged into five groups accord- 
ing to their behaviour. 

I. Salts of which the supersaturated solutions remain liquid at low 
temperatures. 


Examples :—Sodic sulphate. 
Sodic acetate. — 
Sodic arseniate. 
Sodic succinate. 
Sodic borate. 
Sodio-potassic tartrate. 
Potash alum. 
Magnesia sulphate. 
Barie acetate. 
Calcic chloride. 
Cupric sulphate. 


Il. Salts of which the supersaturated solutions suddenly solidify at low 
temperatures. 
Examples :—Sodic carbonate. 
Sodic phosphate. 
Plumbic acetate. 
Sodic hyposulphite. 
Strontic chloride. 


III. Salts of which the supersaturated solutions deposit their excess of 
salt at low temperatures or under the action of a nucleus, leaving the mother- 
liquor saturated. 


Examples :—Zinco-acetate. 
Cupric sulphate. 
Baric chloride. 
Potassic arseniate. 
Antimonio-potassic tartrate. 
Citric acid. 

IV. Salts of which the supersaturated solutions form modified salts of a 
lower degree of hydration. 


Examples :—Zinco-sulphate. 
Sodic sulphate. 
Magnesia sulphate. 
Ammonia phosphate. 
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It will be seen that the sodic sulphate and the magnesia sulphate also 
occupy a place in Class I. 
V. Anhydrous salts examined in this memoir that do not form supersa- 
turated solutions :— 
Potassic nitrate. 
Potassic bichromate. 
Sal-ammoniac. 
Sodic nitrate. 
Potassic chlorate. 
Potassic ferrocyanide. 
Baric nitrate. 
-Plumbic nitrate. 
Ammonium nitrate. 


III. “ On the Impact of Compressible Bodies, considered with re- 
ference to the Theory of Pressure.’ By R. Moon, M.A., 
Honorary Fellow of Queen’s College, Cambridge. Communi- 
cated by Prof. J. J. Syivestrr. Received April 22, 1868. 


(Abstract.) 


Suppose that we have two rigid cylinders of equal dimensions, which have 
their axes in the same straight line; suppose, also, that one of the cylin- 
ders is at rest while the other moves towards the first with the velocity V 
in a direction parallel to both the axes; the consequence of the collision 
which under such circumstances must take place, will manifestly be that 
half the momentum of the moving cylinder will be withdrawn from it, and 
will be transferred to the cylinder which originally was at rest. 

The mode in which velocity or momentum will thus be collected from 
the different parts of the one cylinder, and distributed amongst those of 
the other, is obvious. Exactly the same amount will be withrawn from 
the velocity of each particle of the impinging cylinder, and exactly the 
same amount of velocity will be impressed on each particle of the cylinder 
struck. 

And the reason of this is equally obvious; since, if such were not the 
case, the particles of each cylinder would contr act—a supposition which is 
forbidden by the very definition of rigidity. 

But if, instead of being perfectly rigid, each cylinder is in the slightest 
degree compressible, a variation in the effect will occur. 

As before, momentum of finite amount will be transferred from the one 
cylinder to the other, but the mode of collection of the velocity withdrawn 
from the one, and the mode of distribution of that injected into the other, 
will no longer be the same as before. 
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In order that the moving cylinder may not be reduced to absolute rest 
by the collision, it is obvious that the cylinder. originally at rest, or a 
portion of it, must be moved out of the way, so as to allow of the con- 
tinuance, even in a modified degree, of the other’s motion; and this can 
only be effected on the terms of a transference of velocity or momentum 
taking place from the one eylinder, or part of it, to the other cylinder, or 
part of it. 

But when the cylinders are compasses we are freed from two condi- 
tions which obtain when the cylinders are rigid. 

In the first place, it is no longer necessary to suppose, neither should we 
be justified in assuming, that the velocity abstracted from each particle of 
the impinging cylinder, or transferred to each particle of the cylinder 
struck, is the same; on the-contrary, all experience tells us that, in bodies 
susceptible to compression, compression is always produced by collision ; 
in other words, that variation of velocity, in the parts about which the 
collision takes place, is the immediate and invariable concomitant of 
collision. | 

In the second place, when the cylinders are compressible, it is no longer 
essential to suppose that the effect of the collision will be to withdraw 
velocity from every particle of the impinging cylinder, and to impart velo- 
city to every particle of the cylinder struck. Undoubtedly such may be 
the case if the cylinders are short, if they are possessed of only a moderate 
degree of rigidity, and if the velocity before impact of the impinging 
_ eylinder is considerable. But if the cylinders be long, while the velocity 
of the impinging cylinder is of moderate amount, the contrary may 
occur. ‘The condition that the cylinder originally at rest shall not oppose 
an immediate insurmountable barrier even to the modified motion of 
the other may, obviously, be sufficiently satisfied if a motion of contrac- 
tion is imparted by the collision to a definite portion of the second 
cylinder. 

But when the cylinders are compressible, equally as when they are rigid, 
the collision must cause the instantaneous abstraction of velocity or mo- 
mentum, either from the whole of the impinging cylinder, or from a defi- 
nite part of it, and the instantaneous communication of the velocity so 
withdrawn, either to the whole of the cylinder struck, or to a definite —_ 
Of site 
' We have hitherto assumed the velocity of each particle of the impinging 
cylinder to have been originally uniform. Let us now suppose, however, 
that immediately before impact a counter velocity of variable amount is 
impressed on the different parts of the impinging body, so that, at the 
instant of impact, before taking account of the effect of collision, the velo- 
eity at any point of the impinging body may be expressed by V—V, ; 
where V is constant, but V, has the value zero at the surface of collision, 
and thence gradually increases as we recede towards the other extremity 
of the cylinder, so that V—V,, which expresses the velocity of the im- 
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pinging cylinder before impact, has its greatest value at the surface of col- 
lision, and diminishes as we recede therefrom. 

_ It is clear that, in the case we are now considering, the collective mo- 
mentum abstracted from the impinging cylinder by the collision will be 
less, and finitely less, than that which was abstracted by the collision in 
the former case, in which the velocity of each particle of the impinging 
cylinder was supposed uniform and equal to V. 

For, if M be the momentum lost by collision when the velocity before 
impact is uniform and equal to V, it is clear that when the velocity 
before impact is represented by V—V,, the quantity V, may be such that 
the momentum before impact may be finitely less than M; from which it 
follows inevitably that the amount of momentum lost by collision in this 
latter case must be less than M. 

Let us now vary the data by supposing that the velocity before impact 
increases instead of diminishes as we recede from the surface of collision ; 
so that at the moment of impact, before taking account of the effects of 
collision, the velocity at any point of the impinging cylinder is represented 
by V+V, instead of V—V,,. 

It is clear that the momentum abstracted by the collision in this latter 
case will be greater, and finitely greater, than in the case where the velo- 
city before impact is uniform and equal to V. Let the additional momen- 
tum abstracted in this case be M,, the whole momentum s0 abstracted 
being represented by M+M,. 

Let us now make a final variation in the conditions of the problem, by 
supposing that at the moment of impact, and irrespective of the impact, a 
velocity equal and opposite to V is communicated to each particle of the 
impinging cylinder, so that at that instant, without taking account of 
any action of the one cylinder upon the other, the velocities of the two 
cylinders along their surfaces of contact will be equal, or, rather, will be 
alike zero; at the same time that at every other point of the impinging 
cylinder there will be a variable velocity V, increasing in amount as we 
recede from the surface of contact. 

In estimating the effect of the cylinders being in contact under the cir- 
cumstances last described, it is clear that the abstraction from each particle 
of the impinging body of the velocity V can only be regarded as preventing 
the transference to the second cylinder of so much of the momentum 
M-+M, as that velocity, if it had constituted the entire velocity before 
impact of the impinging body, would have given rise to, viz. M; and that 
the momentum M_,, whose appearance in the expression M+M, is due to 
the fact of the first cylinder having been originally endowed with the 
variable velocity V, in addition to the constant velocity V, will still con- 
tinue to be transmitted to the second cylinder from the first. 

We are thus led to this singular and, doubtless, pregnant conclusion, 
that in a continuous material system in which there is neither discon- 
tinuity of velocity nor discontinuity of density, all the consequences of 
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collision may occur, viz. the instantaneous transmission of a finite amount 
of momentum from one part of the system to another, provided we have 
discontinuity in the tendency to compression in the different parts of the 
system. 

The author has endeavoured, in former communications to the Royal So- 
ciety, to show that when the velocity in a fluid diminishes in the direction 
to which the motion tends, the slower particles will offer a resistance to the 
motion of the faster particles, which the received theory fails to take into 
account. The foregoing speculation goes to prove that the circumstance 
of the surfaces of contact of contiguous elements of the fluid having the 
same velocity, constitutes no objection to the reality of such resistance. 


IV. “On the Tides of Bombay and Kurrachee.” By Witi1AMm 
Parkes, M.Inst. C.E. Communicated by G. B. Atry, Astro- 
nomer Royal. Received May 5, 1865. 


(Abstract. ) 


_ The object of this paper is to exhibit the phenomena of diurnal inequality 
in the tides on the coasts of India, and describe the mode adopted by the 
author for obtaining formule based on astronomical elements for predict- 
ing them. Itis accompanied by the following records of observations given 
in a diagram form :— 


Kurrachee, 1857-8, December to March. 
& 1865, March to August. 
s 1867, The whole year. 
Bombay 1867, February to May. 


The height and times predicted by the author for 1867, and published 
by the India Office, are given on the diagrams for that year, so that they 
may be compared with actual observation. 

The continuous curves of the height of the water taken at Bombay, at 
every ten minutes for the four months above named, are also given. 

By the rotation of the earth every meridian-lne is brought twice a day 
under the influences which ultimately result in the well-known semidiur- 
nal tidal movements—once when in the position nearest to the attracting 
body, and once when in that furthest from it. But the actual point m 
that meridian which is in the centre of those influences will be alternately 
north and south of the equator, to the extent of the declination of the 
attracting body. This alternation of the position of the centre of attrac- 
tion from the northern to the southern hemisphere produces a diurnal 
tide, and that diurnal tide produces a diurnal inequality in the semidiurnal 
tide 
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The character of the diurnal tide and the highly complex conditions 
under which its constantly varying solar and lunar component parts are 
combined are then traced. Being entirely dependent on the declinations 
of the sun and moon, the solar element vanishes twice a year, and the 
lunar element twice a month, each reappearing after the solar or lunar 
equinox, with its times of high and low water reversed. 

The diurnal tide oqadnaae a diurnal inequality in height and time of 
high and low water, affecting simultaneously respectively high-water time 
and low-water height, and high-water height and low-water time. . In par- 
ticular cases, the actual values of height and time of diurnal tide may be 
directly deduced from the values of diurnal inequality. From these it 
was found that diurnal tide follows the moon’s movements at a much 
shorter interval than semidiurnal, the retard of the former being from two 
to three hours only, while that of the latter is from thirty-four to thirty- 
six hours. 

The mode adopted for identifying the varying values of diurnal inequa- 
lity with their physical causes was then explained. A hypothetical series 
of diurnal tides, based on the varying values of the declination of the sun 
and moon, was calculated, the necessary local constants being deduced from 
the particular cases in which their values could be directly obtained. These 
hypothetical diurnal tides bemg combined with a series of semidiurnal tides 
deduced from the diagram of observations, the diurnal inequalities so obtained 
were compared with the aciual diurnal inequalities. It was then found that 
a further element was wanting, which was approximately and provisionally 
obtained by the introduction of a second empirical diurnal lunar tide of 
twelve inches maximum half-range at Bombay, and six inches at Kurra- 
chee. This tide was assumed, like the first and principal diurnal tide, to 
be dependent on the moon’s declination, but to vanish at intervals of two 
or three days, before the moon crossed the equator. The author expresses 
an opinion that this empirical correction might probably be superseded by 
one more consistent with physical causes, if more extended and more 
correct observations were subjected to investigation. 

Lastly, the comparison of calculated heights and times with the records 
of observations for four months at Bombay and eight months at Kurra- 
chee were given. This showed that three calculated tides out of four 
were correct within three inches in height and fifteen minutes in time, the 
errors of the remainder ranging up to nine inches in height, and thirty 
minutes in time. 


Since receiving the observations made at Bombay and Kurrachee in the 
year 1867 the author has subjected them to another process for obtaining 
the actual times and heights of diurnal tide, which has been more suc- 
cessful than that described in the paper. 

The only data made use of were the diurnal inequalities in height at 
high and low water, the range of semidiurnal tide and the diurnal ine- 
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quality im time, which were necessary to the previous process, bein now 
altogether disregarded. 

The diurnal inequalities in height were obtained by measuring the widths 
of the brown spaces where they were crossed by the vertical lines repre- 
senting noon on successive days. The two daily values thus obtained are 
respectively the sine and cosine of an angle which represents the difference 
in time between semidiurnal and diurnal tide. Dividing the low-water by 
the high-water value gives the cotangent of that angle, and thence the 
angle itself. Thus the time of actual diurnal tide (first in relation to the 
time of semidiurnal low water, and then in relation to solar time) was 
obtained. 

The actual range of diurnal tide was obtained by adding together the 
squares of the high-water and low-water values (sine and cosine), and 
taking the square root of the sum. 

With these two series of results as ordinates, curves were drawn repre- 
senting times and ranges of actual diurnal tide, which were thus presented 
in a convenient form for comparison with the diurnal tide which had been 
previously calculated. 

The comparison confirmed the previous conclusion that the tide based 
on the simple declination theory was insufficient, and the empirical correc- 
tion which had been adopted seemed to provide an approximation to the 
required addition to it, both in time and height. But it appeared that a 
better coincidence in time would have been obtained by assuming the diur- 
nal tide at Kurrachee to be forty minutes earlier. ‘This supposition was 
tested by treating the observations of 1865 in a similar manner, and also 
by recalculating a portion of the tides of 1867 with the earlier diurnal 
tide. In both cases the supposition was confirmed, a better agreement 
beimg obtained. - 

On treating the Bombay observations in the same manner, a fair general 
coincidence with the calculated diurnal tides was found to exist; but it 
was further found, on comparing together the Kurrachee and Bombay 
curves of actual diurnal tide (thus for the first time recorded for the same 
period), that the times were nearly identical at the two ports, and the 
range at Bombay about one-tenth greater than that at Kurrachee. 

The tables for the four months over which the Bombay observations ex- 
tend were recalculated with the diurnal tides which had been calculated 
for Kurrachee (but made forty minutes earlier, and increased in range by 
one-tenth), and the result was quite as good as that shown by the original 
tables. This fact would seem to point to the possibility that the diurnal 
tide is a vertical undulation, acting simultaneously, or nearly so, over a 
large area. 
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V. “Observations of the Spectra of some of the Southern Nebule.” 
By Lieut. Jonn Hurscuer, R.E. Communicated by W. Hue- 
GINS, Esq. Received May 20, 1868. 


[ Lieut. Herschel, to whom the observations of the solar eclipse of August 
next have been entrusted by the ‘Royal Society, has already employed the 
instruments, placed in his hands by the Royal Society for the observations 
of the eclipse, to good account by commencing an examination of some of 
the brightest of the nebulee of the southern heavens. The first results of 
this examination, which are contained in the present paper, were obtained at 
Bangalore, Madras Presidency, during the months of March and April 1868, 
The instruments consist of an equatorially mounted telescope of 5 inches 
aperture, driven by a clock furnished with a pendulum-governor by Cooke 
and Sons, and a spectroscope by Messrs. Simms furnished with one dense 
prism of flint glass, and with a micrometer-screw and photographic scale for 
measuring the lines. The nebulee No. 4390 and No. 2102 have been de- 
scribed by me, Phil. Trans. 1864, Pe 439, and Phil. Trans. 1866, p. 383. 
—W. 1.) 

No. 3531. [AM 13819™: N.P.D. 136° 37':!!; globular cluster of 
stars; w Centauri. | 

March 25. A large cluster visible to the naked eye, oval-shaped, brighter 
towards the central part. Spectrum an indefinable haze; no lines. 


No. 2197. [A 10" 40": N.P.D. 148° 57’: great nebula in Argus. | 
Spectrum : lines distinctly visible, but not clear enough to be separated ; 
approximate position D+ 1°8+°3 (D=2°30, K=3°68, 6=3-97, F=5'03). 
An unsatisfactory observation: to be looked for again. 
No. 2017. [A 10°1™; N.P.D. 129° 47’: !!; planetary nebula, very 
bright, very large, little extended, * 9M. | 
March 31. Found with difficulty in the spectroscope. After a minute or 
two’s examination the tube was accidentally disturbed, and before direction 
could be again obtained, clouds had gathered and work was stopped. Appear- 
ance in telescope: a nebulous-looking star; under a higher power a nebu- 
lous-lcoking object with a much brighter nucleus or centre. In spectroscope: 
a continuous streak with a blotch of light nearly in the middle of its length, 
two-fifths, by estimation, from the red end; slit quite wide. 
No. 2581. [#11"44™: N.P.D. 146°27': a planetary nebula, small, 
round; blue=* 7M. | 
April 2. A pretty well-defined and bright short line was distinctly 
visible in the spectroscope, accompanied by a considerably fainter and more 
refrangible companion. Principal line measured with the wires and found 
to be D+-2:1=4:4 (6=3°97, F=5'03), i. e. 64 0°4. 
No. 4083. [AR 15" 12™: N.P.D. 87° 25':!!; globular cluster, very bright, 
large, extremely compressed in the aul 
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April 5. Seen in telescope as a slightly oval nebulous ball, easily seen but 
not very bright (perhaps owing to moon, nearly full) ; found with some diffi- 
culty in spectroscope; @ faint continuous spectrum of considerable width ; 
no trace or suspicion of lines. 

(No. 4173. Seen easily in ECIESEOne® but looked for in spectroscope 
for two hours in vain.) 

No. 4390. [A 18> 6": N.P.D. 83° 10’: planetary nebula; very 
bright, very small, little hazy. | 

April 6. Scarcely recognized as anebulain the telescope. Seen in spec- 
troscope: a short bright line with a fainter one on the more refrangible 
side, and a third strongly suspected. (Knowing so well the relative posi- 
tions of the ‘“‘usual”’ lines, it is impossible that an unprejudiced corrobo- 
rative opinion can be offered on such slight foundation as I have.) A 
very slight extension laterally was given in this instance with the cylin- 
drical lens. 

No. 2102. [A 10°18": N.P.D. 107° 59’: !!; planetary nebula, very 
bright, little extended. | 

April 9. Seen at once in telescope with low power; and seen distinctly 
in the spectroscope as a bright and a faint line (the third line not seen) ; 


principal line measured with wires and found =D+ {o1e=25 | , or 
6+0°48, F=641:06. 
No. 1179. Nebulain Orion. Examined for comparison. The spectrum 


of this nebula shows the three lines distinctly, and three only; they were 
measured (with wires), and the results were :— 


2°17 
D+ 4 2°20=2°19 + =64 0°52, 
2°21 
2 OM. si: ; 
D+ | 340=2 36 | =5-+40-69, 
and 
D+ 278 =6+1°11. 
The places and descriptions of the objects enclosed within brackets are 
taken from Sir John Herschel’s “‘ General Catalogue of Nebulz’’ in the 
Phil. Trans. for 1864. 


P.S.—The other day a storm passed over us. As there was a good deal 
of lightning, I took the opportunity to examine its spectrum. I saw, as I 
expected, numerous bright lines; the blue nitrogen one, I supaose, much 
the brightest. A suspicion also of the red hydrogen-line C. J was much 
surprised at the brightness of the continuous spectrum, in which all the 
principal prismatic colours were brilliant. 
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June 4, 1868. 
The Annual Meeting for the election of Fellows was held this day. 
Lieut.-General SABINE, President, in the Chair. 


The Statutes relating to the Election of Fellows having been read, 
Mr. Hulke and Capt. Richards were, with the consent of the Society, 
nominated Scrutators to assist the Secretaries in examining the Lists. 

-. The votes of the Fellows present having been collected, the following 
Candidates were declared to be duly elected into the Society. 


John Ball, Esq., M.A. Rear-Admiral Astley Cooper Key, 
Henry Charlton Bastian, M.D. | 2s Cay: 
Lieut.-Colonel John Cameron, R.E. | Rear-Admiral Erasmus Ommanney, 
Prof. R. Bellamy Clifton, M.A. C.B. 
Morgan William Crofton, Esq., B.A. | James Bell Pettigrew, M.D. 
Joseph Barnard Davis, M.D. Edward James Stone, Esq., M.A. 
P. Martin Duncan, M.B. Rev. Henry Baker Tristram, M.A. 
Peter Griess, Esq. William Sandys Wright Vaux, Esq., 
Augustus George Vernon Harcourt, M.A. 

Esq. 


Thanks were voted to the Scrutators. 


June 11, 1868. 
Lieut.-General SABINE, President, in the Chair. 


Capt. Sir Leopold M°Clintock, R.N., and Rear-Admiral Ommanney, 
C.B., were admitted into the Society. 


The following communications were read :— 


I. “On the Combustion of Hydrogen and Carbonic Oxide in Oxygen 
under great pressure.” By H. Franxxanp, F.R.S., Professor of 
Chemistry in the Royal Institution and in the Royal School of 
Mines. Received June 11, 1868. 


In a former communication to the Royal Society* I described some re- 
searches on the effect of a diminution of pressure on some of the phe- 
nomena of combustion, and deduced therefrom the law that the diminution 
in wlluminating-power is directly proportional to the diminution in atmo- 
spheric pressure. 

Further experiments, made more than a year ago, on the nature of the 
luminous agent in a coal-gas flame?, led me to doubt the correctness of the 
commonly received theory first propounded by Sir Humphry Davyf, 
that the light of a gas-flame and of luminous flames in general is due to 

* Phil. Trans. vol. cli. p. 629 (1861). 

+ Lectures on Coal-gas, delivered at the Royal Institution in March 1867. Journal 
of Gas-lighting. { Phil. Trans, for 1817, p. 75. 
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the presence of solid particles. In reference to gas- and candle-flames, it is 
now well known that the fuliginous matter produced when a piece of wire- 
gauze is depressed upon such flames, and the sooty deposit which coats a 
piece of white porcelain placed in a similar position, are not pure carbon, 
but contain hydrogen, which is only completely got rid of by prolonged 
exposure to a white heat in an atmosphere of chlorme. On pursuing the 
subject further, I found that there are many flames possessing a high 
degree of luminosity which cannot possibly contain solid particles. Thus 
the flame of metallic arsenic burning in oxygen emits a remarkably intense 
white light; and as metallic arsenic volatilizes at 180° C., and its pro- 
duct of combustion (arsenious anhydride) at 218° C., whilst the tempe- 
rature of incandescence of solids is at least 500° C., it is obviously im- 
possible here to assume the presence of ignited solid particles in the flame. 
Again, if carbonic disulphide vapour be made to burn in oxygen, or oxygen 
in carbonic disulphide vapour, an almost insupportably brilliant light is 
the result. Now fuliginous matter is never present in any part of this 
flame, and the boiling-point of sulphur (440° C.) is below the temperature 
of incandescence, so that the assumption of solid particles in the flame is 
here also inadmissible. If the last experiment be varied by the substitu- 
tion of nitric oxide gas for oxygen, the result is still the same; and the 
dazzling light produced by the combustion of these compounds is also so 
rich in the more refrangible rays, that it has been employed in taking instan- 
taneous photographs, and for exhibiting the phenomena of fluorescence. 
Many other similar cases of the production of brilliant light from incan- 
descent, gaseous, or vaporous matter might be cited; but I will mention 
only one other. Amongst the chemical reactions celebrated for the pro- 
duction of dazzling light, there are few which surpass the active combustion 
of phosphorus in oxygen. Now phosphoric anhydride, the product of 
this combustion, is volatile at a red heat; and it is therefore manifestly im- 
possible that this substance should exist m the solid form at the tempera- 
ture of the phosphorus-flame, which far transcends the melting-point of 
platinum. For these reasons, and for others stated in the lectures above 
quoted, I consider that incandescent particles of carbon are not the source 
of light in gas- and candle-flames, but that the luminosity of these flames is 
due to radiations from dense but transparent hydrocarbon vapours. As a 
farther generalization from the experiment above mentioned, I was led to 
the conclusion that dense gases and vapours become luminous at much 
lower temperatures than aériform fluids of comparatively low specific 
gravity, and that this result is to a great extent, if not altogether, inde- 
pendent of the nature of the gas or vapour, inasmuch as I found that 
gases of low density, which are not luminous at a given temperature when 
burnt under common atmospheric pressure, become so when they are 
simultaneously compressed. Thus mixtures of hydrogen and carbonic 
oxide with oxygen emit but little light when they are burnt or exploded 
in free air, but exhibit intense luminosity when exploded in closed glass 
vessels, so as to prevent their expansion at the moment of combustion. 
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T have recently extended these experiments to the combustion of jets of 
hydrogen and carbonic oxide in oxygen under a pressure gradually in- 
creasing to twenty atmospheres. These experiments were conducted in a 
strong iron vessel, furnished with a thick plate of glass of sufficient size to 
permit of the optical examination of the flame. The results are so re- 
markable that, although still far from being complete, I venture to com- 
municate them to the Reyal Society before the close of the Sessicn. The 
appearance of a jet of hydrogen burning in oxygen under the ordinary 
atmospheric pressure is too well known to need description. On in- 
creasing the pressure to two atmospheres, the previously feeble luminosity 
is very visibly augmented, whilst at ten atmospheres’ pressure the light 
emitted by a jet about 1 inch long is amply sufficient to enable the 
observer to read a newspaper at a distance of 2 feet from the flame, and 
this without any reflecting surface behind the flame. Examined by the 
spectroscope, the spectrum of this flame is bright and perfectly continuous 
Srom red to violet. 

With a higher initial luminosity, the flame of carbonic oxide in oxygen 
becomes much more luminous at a pressure of ten atmospheres than a 
flame of hydrogen of the same size and burning under the same pressure. 
The spectrum of carbonic oxide burning in air is well known to be con- 
tinuous ; burnt in oxygen undex a pressure of fourteen atmospheres, the 
spectrum of the flame is very brilliant, and perfectly continuous. 

If it be true that dense gases emit more light than rare ones when 
ignited, the passage of the electric spark through different gases ought to 
produce an amount of light varying with the density of the gas; and this 
is in fact the case, for electric sparks passed as nearly as possible under 
similar conditions through hydrogen, oxygen, chlorine, and sulphurous 
anhydride emit light the intensity of which is very slight in the case of 
hydrogen, considerable in that of oxygen, and very great in the case of 
chlorine and sulphurous anhydride. When liquefied sulphurous anhy- 
dride is sealed up in a strong tube furnished with platinum wires, and the 
temperature then allowed to rize until the internal pressure amounts to 
three or four atmospheres, the passage of induction-sparks through the 
enclosed gas is attended with very brilliant flashes of light. Further, if a 
stream of induction-sparks be passed through air confined in a glass tube 
connected with a condensing syringe, and the pressure of the air be gradu- 
ally augmented to two or three atmospheres, a very marked increase in the 
luminosity of the sparks is observed, whilst on allowing the condensed air 
to escape, the same phenomena are observed in the reverse order. 

The electric are from fifty cells of Grove’s battery is incomparably more 
brilliant when mercury vapour, instead of atmospheric air, is interposed 
i the path of the discharge between the carbon points. The gases and 
vapours just mentioned have the following relative densities :— 
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Sulphurous ankiydride..: 52.2. de10ee1 heh teome 32:0 
Chiomnes ca. Stone OF Se 35°5 
Mereunye® Sateen: . 6s ss. 6 eee 100-0 


It is obvious that the above results have a very direct bearing upon the 
views now generally held regarding the constitution of the sun, stars, and 
nebulee ; but I refrain from making any such application of them until I 
have the honour of laying before the Royal Society a BEES account of 
these experiments. 


IT. “On the Occlusion of Hydrogen Gas by Metals.” By Tuomas 
Grauam, F.R.S., Master of the Mint. Received May 22, 1868. 


In my experiments, already published, on the occlusion of hydrogen by 
the metals palladium, platinum, and iron, the absorption of the gas was 
observed to be of uncertain occurrence at low temperatures, but was 
ensured by heating the metal, whether im the form of sponge or aggre- 
gated by hammering, and allowing it to cool slowly and completely in a 
hydrogen atmosphere. This fact was referred to the condition of absolute 
purity of the metallic surface being essential to the first absorbing action, 
as it is to the action of platinum-foil or wire in determining the combus- 
tion of the gaseous mixture of oxygen and hydrogen, as observed by Fara- 
day. Anew method of charging the metals with hydrogen at low tem- 
peratures has lately presented itself, which is not without interest. 

When a plate of zinc is placed in dilute sulphuric acid, hydrogen is 
freely evolved from the surface of the metal, but no hydrogen is occluded 
and retained at the same time. A negative result was indeed to be ex- 
pected from the crystalline structure of zinc. But a thin plate of palla- 
dium immersed in the same acid, and brought into metallic contact with 
the zinc, soon becomes largely charged with the hydrogen, which is then 
transferred to its surface. The charge taken up in an hour bya palladium 
plate, rather thick, at 12° amounted to 173 times its volume. 

The absorption of hydrogen was still more obvious when the palladium 
plate was constituted the negative electrode in acidulated water to a 
Bunsen battery of six cells. The evolution of oxygen gas at the positive 
electrode continuing copious, the effervescence at the negative electrode 
was entirely suspended for the first twenty seconds, in consequence of the 
hydrogen being occluded by the palladium. The final absorption amounted 
to 200°4 volumes, and was greater in amount than the volume of hydrogen 
occluded by the same plate heated and cooled im an atmosphere of Be 
gas, which did not exceed 90 volumes. 

It is worthy of remark that, although the hydrogen enters the palla- 
dium and no doubt pervades the whole mass of the metal in such circum- 
stances, the gas exhibits no disposition to leave the metal and escape into a 
vacuum, at the temperature of its absorption.) Thus a thin plate of pal- 
ladium, charged with hydrogen in the manner described, was washed, 
dried by a cloth, and then sealed up in an exhausted glass tube. On 
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breaking the tube under mercury after two months, the vacuum was found 
perfect. No hydrogen had vaporized in the cold (about 12°); but on 
the application afterwards of a heat of 100° and upwards, 333 volumes of 
gas were evolved from the metal. 

A similar result was obtained on making a hollow palladium cylinder, of 
which the length was 115 millimetres, diameter 12 millimetres, and thick- 
ness 1 millimetre, the negative electrode in an acid fluid, while the closed 
cavity of the cylinder was kept exhausted by means of a Sprengel aspi- 
rator. No hydrogen whatever passed through into the vacuous cavity in 
several hours, although the gas was no doubt abundantly absorbed by the 
outer surface of the cylinder and pervaded the metal throughout. 

It appears, then, that when hydrogen is absorbed by palladium the vola- 
tility of the gas may be entirely suppressed ; and hydrogen may be largely 
present in metals without exhibiting any sensible tension at low tempere- 
tures. Occluded hydrogen is certainly no longer a gas, whatever may be 
thought of its physical condition. The same conclusion was indicated by 
another series of experiments, in which it was found that, to be occluded 
by palladium, and even by iron, hydrogen does not require to be applied 
under much pressure, but, on the contrary, when highly poreed* is still 
freely absorbed by these metals. 

The occluded hydrogen is readily extracted from palladium by reversing 
_the position of the latter in the decomposing cell of the battery, so as to 
cause oxygen to be evolved on the surface of the metal. The hydrogen is 
then. drawn out as rapidly as it had previously entered the palladium, and 
the'metal is exhausted in a complete mariner by such treatment. When 
palladium charged with hydrogen is left exposed to the atmosphere, the 
metal is apt to become suddenly hot, and to lose its gas entirely by spon- 
taneous oxidation. 

Platinum may be charged with hydrogen by voltaic action, as well as 
palladium, but with the usual inferior proportion of gas. The charge 
of hydrogen taken up in a decomposing voltaic cell by old platinum in the 
form of a tube, of the thickness of a small crucible, was 2°19 volumes. 
This absorbed gas was also readily withdrawn from the platinum and 
oxidized on reversing the place of the metal in the decomposing cell. The 
platinum acquired its well-known polarizing-power in virtue of the oc- 
cluded hydrogen. This power was retained by the metal after being 
washed with pure water and wiped with a cloth, and was brought into 
action on placing the metal in dilute acid. The temperature required to 
expel the hydrogen so absorbed by platinum was found to be little short of 
a red heat, although the gas had entered the metal at a low temperature. 

Soft iron, left some time in a dilute acid, occluded 0°57 volume of 
hydrogen. This charge of gas was also retained at low temperatures, and 
did not escape into a vacuum till the temperature was raised nearly to red- 
ness. This proves that, like platinum, iron is not penetrated through in the 
cold by hydrogen, the temperature of emission being elevated considerably *. 

* In M. Cailletet’s experiment of exposing a thin sheet of iron to an acid, the metal 
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While hydrogen was absorbed freely by palladium and platinum as 
negative plates, no oxygen whatever was absorbed by plates of the same 
metals in the position of positive electrodes. Oxygen gas was disengaged 
freely on the surface of the latter without being condensed. A platinum 
plate which had acted for several hours as a positive electrode, gave after- 
wards, when submitted to heat with exhaustion, a small trace of carbonic 
acid but no oxygen. . 

The familiar igniting-power of platinum sponge (or clean plate) upon a 
jet of hydrogen in the air seems to depend solely upon the influence of the 
metal upon its occluded hydrogen. The hydrogen appears to be polarized, 
and to have its attraction for oxygen greatly heightened. I beg to offer 
the following representation of this phenomenon, with an apology for the 
purely speculative character of the explanation, The gaseous molecule of 
hydrogen being assumed to be an association of two atoms, a hydride of 
hydrogen, it would follow that it is the attraction of platinum for the 
negative or “ chlorylous” atom of the hydrogen molecule which attaches 
the latter to the metal. The tendency, imperfectly satisfied, is to the for- 
mation of a hydride of platinum. The hydrogen molecule is accordingly 
polarized, orienté, with its positive or “ basylous” side turned outwards, 
and having its affinity for oxygen greatly enlivened. It is true that the 
two atoms of a molecule of hydrogen are considered to be inseparable ; but 
this may not be inconsistent with the replacement of such hydrogen atoms 
as are withdrawn, on combining with oxygen, by cther hydrogen atoms 
from the adjoining molecules. It is cnly necessary to suppose that a pair 
of contiguous hydrogen molecules act together upon a single molecule of 
the external oxygen. They would form water, and still leave a pair of 
atoms, or a single molecule of hydrogen, attached to the platinum. 

The oxidation of alcohol, ether, and similar hydrocarbons, through the 
agency of platinum, likewise appears to be always an immediate conse- 
quence of a similar polarization of the hydrogen of those substances, or of 
some other oxidable constituent. 

As has already been remarked, it does not follow that, because a gas 
is occluded by a metal, under the pressure of the atmosphere, at a low 
temperature, the gas will also escape from the metal into a vacuum at 
the same temperature, a much higher temperature being often required for 
the expulsion of the gas than for its first absorption. This is particularly 
true of carbonic oxide cecluded by iron. Cast iron is much too poreus for 
such experiments, and allows carbonic oxide, equally with other gases, to 
pass through abundantly by the agency of gaseous diffusion. Even with 
malleable iron there is a difficulty in observing, owing to the long time 
during which that metal continues to discharge carbonic oxide from its 
own store of that gas. But a malleable iron tube, first thoroughly de- 
prived of its natural gas, was found-to allow carbonic oxide to pass through 


is no doubt penetrated through by hydrogen in the cold, but apparently from the 
penetrating agency of the acid which is insinuating itself into the metal at the same 
time.— Comptes Rendus, 4 Mai 1868. ~ 
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it into a vacuum very slowly compared with hydrogen, although the 


 yolume of carbonic oxide which the metal is capable of absorbing is very 


sensible, amounting to 4 volumes, and more considerable than the volume 
of hydrogen which the same metal can occlude. Carbonic oxide did not 
sensibly pass through iron of 1:7 millimetre in thickness till the tempera- 
ture was greatly elevated ; and then the passage of gas was, in a minute— 
Of carbonic oxide, at a full red heat, 0-284 cub. centim. per square 
metre of surface. ; 
Of hydrogen oxide, at a full red heat, 76°5 cub. centims. per square 
metre of surface. 

The condition of hydrogen as occluded by a colloidal metal may be 
studied with most advantage in its union with palladium, where the pro- 
portion of gas held is considerable. In the pulverulent spongy state, pal- 
ladium took up 655 volumes of hydrogen; and so charged it gave off no 
gas in vacuo at the ordinary temperature, nor till its temperature was 
raised to nearly 100°. Hammered palladium foil has been observed to 
take up quite as much gas. But the condition in which palladium appears 
to be most absorptive is when precipitated from a solution of about 1°6 
per cent. of the chloride, by the action of a voltaic battery, in the form of 
a compact metal. Palladium is not one of the metals readily thus preci- 
pitated ; but it may be thrown down upon a thin platinum wire, in bril- 
liant laminee, by the action of a large single cell. The palladium after a 
time detaches itself from the wire, exhibiting a bright white metallic sur- 
face where it had been in contact with the platinum, and a dull surface, 
suggesting metallic arsenic, on the side exposed to the acid. As so pre- 
pared, it does not contain any occluded hydrogen. But the metallic films, 
when heated to 100° in hydrogen, and allowed to cool slowly for an hour 
in the same gas, were found to occlude 982°14 volumes of gas, measured 
with thermometer at 11°, and barometer at 756 millimetres. This is the 
largest absorption of hydrogen observed. From palladium so charged 
there was a slight indication of the escape of hydrogen into a vacuum, 
with extreme slowness in the cold. This charged palladium is represented 
by weight as 
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It is in the proportion of one equivalent of palladium to 0°772 equiva- 
lent of hydrogen*, or there is an approximation to single equivalents 
Pd H. But the idea of definite chemical combination is opposed by 
various considerations. No visible change is occasioned to the metallic 
palladium by its association with the hydrogen. Hydrides of certain 
metals are known, as the hydride of copper (Wurtz) and the hydride of 
iron (Wanklyn) ; but they are brown pulverulent substances with no me- 
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tallic characters. Indeed a hydride of palladium itself can be formed, but 
not preserved, on account of its great instability. Following the process 
of M. Wurtz for the hydride of copper, nitrate of palladium was boiled 
with sulphuric acid, and the sulphate of palladium (a red crystalline salt) pre- 
pared. A solution of this salt, with an excess of sulphuric acid, was precipi- 
tated by the hypophosphite of soda; a black powder fell, which speedily un- 
derwent decomposition at 0°, evolving copious volumes of hydrogen gas. The 
final residue appeared to be pure palladiaina: of its usual black amorphous 
appearance, and with no trace of crystallization. It is singular that this 
palladium precipitate contained no occluded hydrogen; and even when 
heated, and afterwards exposed to an atmosphere of hydrogen in the usual 
manner, the palladium black so prepared condensed no sensible quantity 
of that gas. 

I am inclined to conclude that the passage of hydrogen through a plate 
of metal is always preceded by the condensation or occlusion of the gas. 
But it must be admitted that the rapidity of penetration is not in propor- 
tion to the volume of gas occluded ; otherwise palladium would be much 
more permeable at a low than at a high temperature. A plate of that 
metal was sensibly exhausted of hydrogen gas at 267°, but continued per- 
meable, and in fact increased greatly in permeability at still higher tem- 
peratures, and without becoming permeable to other gases at the same 
time. In a striking experiment, a mixture of equal volumes of hydrogen 
and carbonic acid was carried through a small palladium tube, of which 
the internal diameter was 3 millimetres, and the thickness of the wall 
0:3 millimetre. From the outer surface of this tube gas escaped into a 
vacuum, at ared heat, with the enormous velocity of 1017-54 cub. centims. 
per minute for a square metre of surface. This gas did not disturb baryta- 
water. It was pure hydrogen. 

A still more rapid passage of hydrogen was observed through the sub- 
stance of a hollow cylinder of palladium 1 millimetre in thickness, at a 
higher temperature, approaching the melting-point of gold. The palla- | 
dium cylinder being enclosed in a porcelain tube charged with pure 
hydrogen, was exhausted as usual, and gave 105°8 cub. centims of gas in 
five minutes ; measured with bar. 753 millims., therm. 10°. As the external 
surface of the palladium tube amounted to 0:0033 square metre, the passage 
of gas was | 

399 2:22 cub. centims. from a square metre of surface, per minute. ‘a 

The rate of penetration of hydrogen through the same palladium tube, © 

at the lower temperature of 265° C., was previously observed to be 
327 enb. centims. from a square metre of surface, per minute. 

The velocity of penetration thus appears to increase in a rapid ratio with 
the temperature. 

When carbonic acid was aubstiimca for hydrogen, at the same high 
temperature, a very minute penetration was perceived, amounting to 

1°86 cub. centim. from a square metre of surface, per minute. 
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This gives for carbonic acid one twenty-thousandth part of the rate of 
hydr ogen. Whether it is a penetration of the same sort, although greatly 
less in degree, or rather the consequence of a sensible porosity in the 
palladium (of which it would become the measure), remains uncertain. 

The quantity of hydrogen held by the metal at these high tempera- 
tures may become too small to be appreciated; but I presume it is still 
present, and travels through the metal by a kind of rapid cementation. 
This extreme mobility is a singular property of hydrogen, which was in- 
volved in the fundamental discovery, by MM. H. Sainte-Claire Deville and 
Troost, of the passage of that gas through plates of iron and platinum at 
high temperatures. 


The marked rapidity of the passage of the same gas through a thin. 


sheet of caoutchouc appears to be more capable of explanation on known 
principles. Caoutchouc of less than 0°1 millimetre in thickness, if impreg- 
nated with hydrogen, loses its gas entirely by the most momentary expo- 
sure to the air. A tube of 2 millimetres in thickness, through which 
hydrogen and carbonic acid were singly passed, each for an hour, was 
found to retain— 
Oilivdrovens, 3.3.2 .. Baccara | eaeraen 0°0113 volume. 
Miccaroomie acids 4 c8i ee eas 0°2200 _ =«s, 

The absorption, then, is in the proportion of 1 hydrogen to 20 carbonic 
acid; but the comparative rate of penetration of the two gases through a 
sheet of caoutchouc is as 1 hydrogen to 2} carbonic acid; or the hydro- 
gen moves eight times as rapidly as the density of its solution would 
indicate. But these gases differ in diffusibility as carbonic acid 1 to 
hydrogen 4:7. The rapid passage of hydrogen through caoutchouc is 
thus partly explained by the rapid manner in which that gas is brought to 
one surface of the sheet and conveyed away from the other by gaseous 
diffusion. Again, both substances travel through the substance of the 
caoutchouc by their diffusibility as liquids. Suppose hydrogen in that 
form to be nearly as much more diffusive than the other substance as it is 
when both are gaseous, then the observed rapid passage of hydrogen 
through caoutchouc would appear to be fully accounted for. 

Liquid diffusion has also a bearing upon the rapid dissemination of 
hydrogen through a soft colloid metal, hke palladium or platinum, at a 
high temperature. The liquid diffusion of salts in water is known to be 
six times as rapid at 100° as at 0°. If the diffusion of liquid hydro- 
gen increases with temperature in an equal ratio, it must become a very 
rapid movement at a red heat. Although the quantity absorbed may be 
reduced (or the channel narrowed), the flow of liquid may thus be in- 
creased in velocity. The whole phenomena appear to be consistent with 
the solution of liquid hydrogen in the colloid metal. The “solution 
affinity’? of metals appears to be nearly confined to hydrogen and car- 


bonic oxide, so that metals are not sensibly penetrated by other gases than 
these. 
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III. “On the Osteology of the Solitaire or Didine Bird of the Island 
of Rodriguez, Pezophaps solitaria (Gmel.).” By A.rrep 
Newton, M.A., Professor of Zoology and Comparative Ana- 
tomy in the University of Cambridge, and Epwarp Newron, 
M.A., Auditor-General of Mauritius. Communicated by P. L. 
SciatTseR, Hsq., M.A., Ph.D. Received May 6, 1868. 


(Abstract. ) 


The Solitaire ef Rodriguez was first satisfactorily shown to be distinct 
from the Dodo of Mauritius (Didus ineptus) by Strickland in 1844, from 
a renewed. examination of the evidence respecting it, consisting of the ac- 
count given by Leguat in 1708, and of the remains sent to France and 
Great Britain. Strickland, in 1848, further proved it to be generically 
distinct from the Dodo. The remains existing in Europe in 1852 were 
eighteen bones, of which five were at Paris, six at Glasgow, five in pos- 
session of the Zoological Society (since transferred to the British Museum), 
and two in that of Strickland, who, at the date last mentioned, described 
them as belonging to éwo species, the second of which he named Pezo- 
phaps minor, from the great difference observable in the size of the 
specimens. In 1864 one of the authors visited Rodriguez, and there found 
in a cave two more bones, while a third was picked up by a gentleman with 
him. All these bones have been described, and most of them figured, in 
the publications of the Zoological Society, and in the large work of Strick- 
land and Dr. Melville *. 

Encouraged by his former success, that one of the authors of the present 
paper who had before been to Rodriguez urged Mr. George Jenner, the 
magistrate of the island, to make a more thorough search in its caves ; and in 
1865 this gentleman sent no less than erghty-one specimens to Mauritius. 
These were forthwith transmitted to London, and exhibited at a meeting of 
the Zoological Society in that year, when it appeared that the notion pre- 
viously entertained of there having been two species of Pezophaps was 
erroneous, and that probably the difference in size of the specimens was 
sexual. 

News of this last discovery reached England during the meeting of the 
British Association at Birmingham, and, prompted by Mr. P. L. Sclater, 
that body made a liberal grant to aid further researches. Owing to 
several causes, the scarcity of labourers in Rodriguez being the chief, nearly 
a year elapsed before these could be begun. But in 1866, some 
coolies having been expressly sent thither to dig in the caves, a very large 
collection of the bones of this bird, amounting to nearly two thousand spe- 
cimens, was obtained. These specimens include almost all the most im- 
portant parts of the skeleton, and furnish the authors with the material for 


the present paper. 
* The Dodo and its Kindred. London: 1848, 4to. 
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This vast series of specimens shows that there was a very great amount 
of individual variability in the bird, so much so as to render the task of 
describing them minutely, and yet generally, a very difficult one. Yet, in 
consequence of this wealth of material, the authors have greater confidence 
in the opinions they declare. Professor Owen, having lately published a 
very detailed account of the osteology of the Dodo*, the present paper 
follows as closely as possible the mode of treatment he therein adopted, the 
authors thinking that they are so consulting the convenience ot those who 
may wish to compare the structure of the two allied birds. Thanks to 
him, also, they have been able themselves to examine the very specimens 
which he described; and they are further indebted to many others—Mr. 
George Clark of Mauritius, Professors Reinhardt, Fritsch, and Alphonse 
Milne-Edwards, Sir William Jardine, and Mr. Flower, for valuable assist- 
ance in the shape of models or other additional material. To Mr. J. W. 
Clark they also mention their obligations for reconstructing from speci- 
mens in their possession the skeletons of the Dodo and of two Solitaires 
now exhibited. 

The description of the latter follows in much detail, the amount of in- 
dividual variability to which each bone was subject being specially dwelt 
on, and the whole compared bone by bone with that of the Dodo and also 
of Didunculus. Pezophaps differs from Didunculus quite as much as Didus 
does, but it is nearly allied to the latter. Still there are important dif- 
ferences. The neck was much longer than in Didus, and the vertebre, on 
the whole, larger. The ribs also possess perhaps somewhat thicker heads 
and articular tubercles. ‘The pelvis is much more rounded, and approaches 
that of the normal Pigeons much more than that of Didus does ; but in its 
posterior portion it differs very remarkably from that of any known bird ; 
for the pubis in Didus has not yet been discovered. In the sternum 
Pezophaps generally agrees with Didus, but has some distinctive features. 
‘This bone shows articular surfaces for four sternal ribs only, instead of five, 
which seems to be the normal number in Didus ; and the posterior extre- 
mity, so far as can be judged from the imperfect condition of the specimens, 
is very unlike what it is in that bird; but the characters deducible from this 
last portionin birds generally are shown to be very inconstant. The “ scapular 
arch ”’ differs from that of Didus, its constituent portions having been appa- 
rently never ancby!csed as is the normal state there, and consequently resem- 
bling in this respect those of the generality of birds. ‘The angle made by the 
junction of the coracoid and scapula cannot be accurately determined, but 
would appear to have been not much less than what it isin Didus. The 
scapula is of very peculiar form, unlike, so far as known to the authors, 
that of any bird, being inclined somewhat forward, and only pointing back- 
ward at its extremity, where it becomes spatulate in shape. The coracoid 
exhibits, as usual in this very significant bone, some good diagnostic cha- 


* “On the Osteology of the Dodo (Didus ineptus, Linn.),” Trans. Zool. Soe. vol. vi. 
pp. 49-85. 
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racters. It is much stouter than it is in Didus—a fact not so surprising 
when the exceedingly abnormal form it there assumes is taken into consi- 
deration.  Atits sternal end it differs from that of most other birds, in the 
extension and rounding off of the outer border. Other peculiarities in it 
are also described, one of which appears to be sexual. This is the surface to 
which the scapulais articulated, and which in the large individuals (presumed 
to be males) is roughly quadrate, while in the smaller ones (the supposed 
females) it is triangular. In Pezophaps the bones of the wing are more 
massive and smoother than in Didus, judging from such remains of the 
latter as exist. The most remarkable thing about them, however, is the 
presence of a bony knob on the radial side of the metacarpal, unlike what is 
found in any other bird. It is large in some of the specimens, supposed 
to have belonged to old males, but very little developed in the presumed 
females. It is more or less spherical, pedunculate, and consists of a callus- 
like mass with a roughened surface, exceedingly like that of diseased bone, 
and was probably covered by a horny integument. It is situated im- 
mediately beyond the proximal end and the index, which last would ap- 
pear to be thrust away by it to some extent. It answers most accurately 
and most unexpectedly to Leguat’s description of it :—‘‘ L’os de l’aileron 
erossit a lextrémité, et forme sous la plume une petite masse ronde 
comme une balle de mousquet.” A description of its structure, as ascer- 
tained microscopically by Mr. J. Gedge, is added. The extremity of the 
wing is wanting. The leg-bones of Pezophaps, when compared with those 
of Didus, show more strongly developed ridges and muscular impressions, 
just the converse of what is observable in those of the wing; but the leg- 
bones having been minutely and correctly described by prior authors, it is 
unnecessary here to say much of them. Part of the skull, too, had been 
already described ; but the only specimen then known was so incrusted 
with stalagmite that not much could be made of it. The present remains 
show that it was very markedly different in many respects from that of 
Didus. The cranium is narrower and longer, and without the peculiar 
frontal protuberance of Didus, being nearly flat at the top, with the fore. 
and hind part elevated into two bony ridges of cancellous structure. ‘The 
upper mandible also presents a remarkable difference from that of Didus, 
where the axes of the nasal process and the maxillary converge, whereas 
in Pezophaps they diverge. The maxilla also was relatively very small ; 
and the mandible differed by being much straighter above, showing a 
salient angle on its lower edge (which is very inconsiderable in Didus), and 
being much more solid posteriorly. In the quadrate the two birds are 
more alike. The rest of the bones of the head are wanting. 
A comparison of the entire skeleton shows that Pezophaps is in some 
degree, and perhaps on the whole, intermediate between Didus and the 
normal Columbee, while it has some features, such as the armature of the 
wing, quite peculiar. It has no very near affinity to Didunculus ; indeed that 
form must be considered the type of a separate family, though not so aber- 
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rant as the Didide, which must be looked upon as the most remotely con- 
nected of the order Columbe. Strickland was amply justified in arriving 
at the conclusion that the Solitaire of Rodriguez was generically distinct 
from the Dodo; but it seems expedient to define his genus Pezophaps more 
precisely. Accordingly the following characters are assigned to it :— 

Rostrum mediocre, curvatum, processu nasali et ramis maxillaribus antice 
divergentibus. Frons plana, porca osseo-cancellata circumdata. Ossa 
coracoidea robusta. Alze breves, involatiles. Manus singulis bullis osseo- 
callosis armatee. Collum et pedes longiores. 

In like manner the genus Didus may be defined :— 

Rostrum magnum, aduncum, processu nasali et ramis maxillaribusa ntice 
convergentibus. Frons tumida, in umbonem hypoconicum osseo-cancel- 
latum surgens. Ossa coracoidea attenuata, scapulas obtuse attingentia. 
Alze breves, involatiles. Manus inermes. Collum et pedes breviores. 

The account given by Leguat of his Solitaire is then quoted in full, as 
also that of d’Heguerty, the latter from Strickland, and the authors pro- 
ceed to remark upon the different causes of extinction of species within 
historic time. This, when effected by man’s agency, is seldom done by 
man’s will; and various cases are cited to support this opinion. In extir- 
pating species man generally acts indirectly ; and they succumb to forces 
set in motion indeed by him, but without a thought on his part of their effect. 
In the case of the extinction of the Solitaire of Rodriguez, the cause usually 
suggested seems inadequate; and the authors consider it was probably 
effected by feral Swine, and quote a remarkable passage from an old French 
Voyage, showing the extraordinary abundance of these creatures in Mauri- 
tius, where, in or about the year 1708, above fifteen hundred had been 
slain in one day. It is plain that where these abounded inactive birds 
could not long survive. It is supposed that the case was the same in 
Rodriguez as in Mauritius; for in every country newly discovered by Euro- 
peans, it has been an almost universal custom to liberate Pigs, and there is 
no reason to believe that the island first named was an exception thereto. 

The extraordinary fidelity of Leguat’s account of the Solitaire is next con- 
sidered. It is borne out in every point save one, perhaps, by a study of the 
remains. The rugose surface at the base of the maxilla, the convexity of 
the pelvis, the somewhat lighter weight of the Solitaire than of the Dodo, its 
capacity for running, and, above all, the extraordinary knob on the wing, all 
agree with the description he has given us. The authors attempt also to 
account for the origin of this last by observing that its appearance is so 
exactly that of diseased bone, that it may have been first of all occasioned 
by injuries received by the birds in such combats with one another as Leguat 
mentions, and aggravated by the continuance of their pugnacity: The 
authors remark, also, that it is the habit of Pigeons to fight by buffeting 
with their pinions. 

The particular in which Leguat may have erred is in the assertion, or 
perhaps rather inference, as to the monogamous habits of the Solitaire ; and 
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the cause of the error (if such it be) may be ascribed, without derogating 
from his truthfulness, to his anxiety to point a moral, which may have led 
him to imagine he saw what he wished to see. He especially mentions that 
one sex would not fight with the other, which is just what takes place among 
polygamous birds. The case of a very well-known bird (Otis tarda), 
about which much has been written, is then cited, to show that even now, 
after centuries of observation, it is doubtful whether it be monogamous or 
polygamous. Leguat, therefore, may easily have been mistaken in his 
opinion, even setting aside his evident leaning on the matter. The notion 
of Pezophaps having been polygamous was before entertained by one of the 
authors, and arises from a consideration of the great difference in the size 
of the two sexes, which in birds is generally accompanied by polygamous 
habits ; but the question is now not likely to be solved. 

The amount of variability which every bone of the skeleton of this species 
presents, warrants the conclusion that as much was displayed in those 
parts of its structure which have perished, letting alone Leguat’s direct 
evidence as to the individual difference in the plumage of the females. If 
such a process, therefore, as has been termed “ Natural Selection,” or 
‘* Survival of the Fittest,’ exists, there would have been abundant room 
for it to operate; and there having been only one species of Pezophaps 
might, at first sight, seem an argument against the belief in such a process. 
A little reflection, however, will show that such an argument is unsound. 
Confined in a space so restricted as one small island, every individual of 
the species must have been subject to conditions essentially identical in all 
cases. Whatever power such a process might possess, there would be 
neither occasion nor opportunity for its operation, so long as no change took 
place in the physical character of the island. But if we venture to indulge 
our fancy, and consider what would have been the inevitable result of a 
eradual upheaval of the island, and a corresponding extension of its area 
until it became vastly increased and its original low rounded hills were 
exalted into mountains, it is plain that a great variety of physical con- 
ditions would be thereby incurred. One side of the island would be ex- 
posed to the full force and direct influence of the trade-winds, the other side 
would be completely sheltered from them. The climate of these two por- 
tions would accordingly differ, and a great difference would be speedily 
wrought in the character of their vegetation, while that of the elevated 
central part would undergo a corresponding modification. After some longer 
or shorter period, we can conceive the island itself being broken up into two 
portions, separated from one another by a strait, such as divides the North 
and Middle Islands of New Zealand. This rupture would certainly tend 
still more to affect the existing fauna and flora; and at the end of another 
epoch there can be little doubt but the animals and plants of each portion, 
exposed to different influences, would present a decidedly different appear- 
ance, and the eastern and western islands (supposing the separation to 
have taken place in the direction of the meridian) might each possess its 
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own special form of Solitaire, as the islands composing New Zealand have 
their peculiar species of Apteryz. 

But it is only in such a case as has just been imagined that considerable 
modifications would be likely to be effected. It therefore seems to be no 
argument against the existence of such a process as that of “ Natural Selec- 
tion,’’ to find a small cceanic island tenanted by a szmgle species which was 
subject to great individual variability. Indeed a believer in this theory would 
be inclined to predicate that it would be just under such circumstances 
that the greatest amount of variability would be certain to occur. . In its 
original state, attacked by no enemies, the increase of the species would only 
be dependent on the supply of food, which, one year with another, would 
not vary much, and the form would continue without any predisposing cause 
to change, and thus no advantage would be taken of the variability of struc- 
ture presented by its individuals. 

On the other hand, we may reflect on what certainly has taken place. Of 
the other terrestrial members of the avifauna of Rodriguez but few now 
remain. A small Finch and a Warbler, both endemic (the first belonging 
to a group almost entirely confined to Madagascar and its satellites, the 
second to a genus extending from Africa to Australia), are the only two 
Jand-birds of its original fauna now known to exist. ‘The Guinea-fowl and 
Love-bird have in all probability been introduced from Madagascar; but 
the Parrots and Pigeons of which Leguat speaks have vanished. ‘The re- 
mains of one of the first, and the description of the last, leave little room 
to doubt but they also were closely allied to the forms found in Madagascar 
and the other Mascarene islands; and thus it is certainly clear that four 
out of the sév indigenous species had their natural allies in other spe- 
eles belonging to, the same zoological province. It seems impossible on 
any other reasonable supposition than that of a common ancestry to 
account for this fact. The authors are compelled to the belief that there 
was once a time when Rodriguez, Mauritius, Bourbon, Madagascar, and 
probably the Seychelles were connected by dry land, and that that time is 
sufficiently remote to have permitted the descendants of the original inha- 
bitants of this now submerged continent to become modified into the many 
different representative forms which are now known. Whether this result 
ean have been effected by the process of ‘‘ Natural Selection ’’ must remain 
‘an open question; but that the Solitaire of Rodriguez, and the Dodo of 
Mauritius, much as they eventually came to differ, sprang from one and 
the same parent stock, seems a deduction so obvious, that the authors can 
no more conceive any one fully acquainted with the facts of the case 
hesitating about its adoption than that he can doubt the existence of the 
Power by whom these species were thus formed. 
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IV. “ Description of the great Melbourne Telescope.” By T. R. Ro- 
BINSON, D.D., F.R.S., and Toomas Gruss, Esq., F.R.S. Re- 
ceived June 11, 1868. 


(Abstract.) 


The authorities of the colony of Victoria formed (in 1862) the wish to 
establish, in connexion with their new observatory at Melbourne, a power- 
ful telescope for observing the Southern Nebule, and applied, through 
the Duke of Newcastle, to the President and Council of the Royal Society 
for encouragement and advice. That body had in former years given 
much attention to this subject, and had received a report from a Com- 
mittee on it, in the hope of inducing the British Government to take such 
astep. The same Committee was consulted, and made another report 
almost identical with the first. In consequence of it, the Legislature of 
Victoria ordered the construction of the telescope in 1865, which was 
undertaken early in the following year by Mr. Grubb, under the direction 
of a Committee consisting of the late Earl of Rosse, Dr. Robinson, and 
Mr. W. De La Rue. After Lord Rosse’s death, his son, the present Earl, 
was appointed in his stead by the President. It has been very success- 
fully completed; and it is thought that some account of it, and the 
notable things that occurred in its progress, may deserve a record. As 
an introduction to this account, a notice of the reasons which guided the 
Committee in some of their decisions may be useful. 

1. They chose a four-feet Reflector, because, from the experience 
gained with Lord Rosse’s and Mr. Lassell’s telescope, they were satisfied 
that this aperture was sufficient for the work proposed, and also because it 
had not been proved that a larger one could be equatorially mounted with 
the requisite firmness and ease of motion. This last, however, has been 
convincingly disposed of by the present experiment. 

2. They chose the Reflector in preference to the Achromatic, because 
it is not probable that one of the latter will ever be made which shall 
equal a four-feet in light, and because, if it were, the cost of it would be 
tremendous. One of the Committee got from a great continental optician 
an estimate for one of 30 inches, which would have amounted, complete, 
to £20,000, and been far inferior in power. Absurd exaggeration is not 
uncommon in comparing these two kinds of telescopes, but is easily refuted. 
A speculum reflects, after years of use, 0°64 of the incident light, which is 
the intensity of Herschel’s front view. In the Newtonian the coefficient 
is 0'401; inthe Achromatic light is lost from two causes :—first, by reflec- 
tion at each of the four surfaces of its lenses. This can be calculated from 
Fresnel’s formula, and gives the coefficient of intensity 0°81, whence the 
equivalent to a four-feet Newtonian is not less than 33 inches. Secondly, 
it must be greater than this; for no glass is perfectly transparent, and 
therefore absorbs light according to a law depending on its thickness and 
a certain constant. Dr. Robinson discusses this, and comes to the con- 
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clusion that the equivalent Achromatic will certainly not be less than 
3 feet, and may be much more. He adduces experimental facts in support 
of this, and points out the conditions which are necessary for a fair com- 
parison of the two kinds. 

3. The tube was to be metal lattice-work. This plan, originally pro- 

posed by Sir J. Herschel, had been tried by Lord Rosse, Mr. Lassell, and 
Mr. W. De la Rue, with marked advantage; its main purpose is to dimti- 
nish the evils caused by currents of unequally heated air eddying in the 
tube. : 
4. They decided that the speculum should be metal, and not silvered 
glass. It seemed imprudent to risk the success of the undertaking by 
venturing on an experiment whose success was not assured; it was not 
known whether the silver could be uniformly deposited on so large a 
scale; some facts appear to show that glass is more liable to irregular 
action than speculum metal; and the intensity of the light in these tele- 
scopes is not as great as had been expected. 

5. The telescope was to be a Cassegrain, not a Newtonian; and this 
was the result of long discussion. This form is little known, for Newton’s 
hostility to it has created a prejudice against it. Its chief defect is the 
difficulty of getting a magnifying power so low that the eye can only take 
in the whole pencil, as the first image is magnified from five to six times 
by the second speculum. ‘This requires a huge eyepiece, of which the 
lenses are costly, and, by their thickness, intercept light. One defect 
attributed to it by Newton proves to be an advantage; he thought that 
the reflection of metal is like that of glass, faintest at perpendicular inci- 
dence, but increasing in intensity with the obliquity ; therefore brighter in 
his telescope at 45° than in the other nearly perpendicular. But it is now 
known that the law is different, so that the reflection at 45° is =; less 
powerful than the other. The chief advantage of the Cassegrain, and 
that which influenced the Committee, is its extreme convenience to the ob- 
server; he is near the ground, and has to move through a small space to 
command the whole sky, instead of standing on a structure nearly 40 feet 
high, which cannot be used without fatigue and even danger. 

Then formulze are given for finding the constants of the telescope; the 
foci of its specula are 366 and 75 inches, its lowest power 240, and its 
extreme field of view 14!°3. 

The composition of the specula is Lord Rosse’s, four equivalents of 
copper and one of tin, respecting which much detail is given; and still 
more of the process of casting the first speculum, which took place July 
3, 1866. This was managed according to the method of Lord Rosse, 
with some modification, caused by the necessity of having a projecting 
band round the edge of the speculum, and an aperture in its centre. It was 
conducted without accident, and safely transferred to the annealing-oven, in 
which a thermocouple of platinum and iron was inserted, which, at the 
end of twenty-four days, showed that it was completely cooled. It came 
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out perfectly sound, but was a little ‘‘in winding,’ and had Lord Rosse’s 
‘* Crowsfeet ”’ on part of its surface. These might have been ground out, 
but Mr. Grubb preferred recasting it. It was broken by an iron ram of 
70 lbs. falling four feet. When the blows were applied through a bar of 
wood, they did nothing; but the first one through iron broke it into four 
equal pieces. These, when put together, fitted exactly, showing that 
there was no unequal shrinkage in cooling. Some changes were made 
before the second casting, on Sept. 22. The hoop-bed of the mould was 
much strengthened; the core, which formed the central aperture, and 
seemed to interfere with the regular flow of the metal, was raised 14 inch 
above the mould; and this last set on a strong cast-iron frame, which 
could be inclined at pleasure. It was sloped, so that at the first part of 
the pouring the melted alloy filled it from its lower edge to its middle; it 
was then lowered rapidly to be horizontal while the pouring was com- 
pleted. When it came from the oven, the central disk, which was under 
the core, was cut out. This, as well as the third casting, which was made 
November 24, came out perfect. 

A description is given of the polishing machine, which is remarkable 
for its smooth and equable action, and not less so for the facility it gives 
of testing the figure of the speculum during the polishing. Removing the 
polisher (which is built up of wood, so as to combine great strength and 
lightness), one man, by turning a winch, sets the speculum upright. Doors 
are opened, and by an eyepiece properly placed a dial or artificial star at a 
suitable distance is examined. The specula were ground flat at their back, 
and true at their edges; and their focal lengths differ only 13 inch. 

Not less important than the perfect figure of a speculum is its being so 
supported both at the back and edge that it may be subjected to no irre- 
gular pressure, for to such it is almost inconceivably sensitive. The ar- 
rangements to secure this are very elegant, and have proved entirely suc- 
cessful. 

The lattice of the tube consists of steel bars z thick, and, on average, 
23 broad, forming openings of 17 by 9; it is very light, and so stiff that 
1 cwt. produced only a deflection =, inch at 20 feet. The mode of sup- 
porting the small specula is described, and the mechanism by which the 
moving of them for focal adjustment is made easy to the observer. One 
of these specula is peculiar; it is an achromatized lens, whose coincident 
surfaces are cemented; its front one so curved that there can be no false 
image formed by it, its fourth coated pretty thickly with silver. This will 
be more permanent than the metal, and is expected to give more light. 

The equatorial is worthy of the telescope. By inverting the usual 
arrangement of the polar axis, the eyepiece, circles, and centre of gravity 
of the whole are brought near the ground ; each axis is provided with three 
sets of counterpoises; the polar with two, which relieve its pivots of 
lateral pressure; the third lightens the end pressure of the lower one. 
Those of the declination axes act, two in its plane parallel and perpendicular 
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to it, the third parallel to the polar axis. They are so effective, that 5 lbs. 
at a leverage of 20 feet turns the polar axis; 12% the declination one. A 
man can raise the telescope from the horizon to the zenith in 20 seconds ; 
two (as both axes must be turned) can reverse it from the east side of the 
pier to the west in 45 seconds. 

The telescope is moved in right ascension by a sector and screw driven 
by a very effective clock. The regulator of this is so powerful, that an 
addition of 2 ewt. to its driving-weight only makes it gain six seconds in 
the hour. 3 

The micrometer has an original mode of illuminating its lines im a dark 
field, which has been found very suitable for nebule. 

The spectroscope is on the usual plan, but with special provision for the 
permanence of its adjustments. 

The instrument is also provided with a photographic apparatus, nearly 
like Mr. De la Rue’s celebrated one, which (the small speculum being 
removed) is placed at the focus of the great speculum. A few trials 
made with an extemporized one gave pictures which that gentleman con- 
sidered to be of great promise. 

A high opinion is expressed both of the optical and astronomical 
powers of the instrument. 


June 18, 1868. 
Lieut.-General SABINE, President, in the Chair. 


Prof. Clifton, Dr. J. Barnard Davis, Dr. Duncan, Dr. Pettigrew, Mr. 
Stone and Mr. Vaux, were admitted into the Society. 


The following communications were read :— 


I. “A Contribution to the Knowledge of Persulphide of Hydrogen.” 
_ By A. W. Hormann, LL.D., F.R.S. Received May 25, 1868. 


This remarkable body was first observed by Scheele, and subsequently 
examined by Berthollet; our knowledge of this substance is, however, 
more especially due to Thenard, who, soon after the discovery of peroxide 
of hydrogen, was led also to investigate what was believed to be the cor- 
responding sulphur-compound *. The composition of persulphide of hy- 
drogen has nevertheless remained doubtful. Thenard points out that the 
specimens analyzed by him, contained variable quantities of sulphur, but 
always more than would have been met with in a sulphur-compound cor- 
responding to peroxide of hydrogent. 


* Ann. de Chim. et de Phys. vol. xlviii. p. '79. 
| Thenard states that all his analyses yielded more than 4 atoms of sulphur for 1 
molecule of sulphuretted hydrogen. 
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If, nevertheless, several modern authors have not hesitated to represent 

the composition of persulphide of hydrogen by the formula 

4 Hi, Sy» 
with or without a sign of interrogation, their statements are no longer based 
upon the secure foundation of experience. 

Of late peculiar circumstances have again directed the attention of 
chemists to this remarkable compound. Among the technico-chemical 
aspirations which the Paris Exhibition has brought to light, none have 
been received with more satisfaction than the efforts, manifested in a variety 
of forms, of resuscitating for the purposes of industry the quantities of 
sulphur buried in the mountains of soda-waste, which accumulate in the 
neighbourhood of our factories. Chemists have more especially admired 
the processes by which M, Schaffner on the one hand, and Messrs P. W. 
Hofmann and P. Buquet on the other, have endeavoured to solve this 
problem. In certain phases of the reactions utilized for this purpose, 
enormous quantities of persulphide of hydrogen are frequently produced ; 
and only lately, when visiting the chemical works at Dieuze, where the sul- 
phur is regenerated on a colossal scale, the author of this Note has had an 
opportunity of experimenting with many kilogrammes of this interesting 
sulphur-compound. 

Under these circumstances the author has examined with great interest a 
compound which he discovered by accident, and the analysis of which 
appears to throw some light on the composition of the persulphide. 

On adding a cold saturated solution of strychnine in strong alcohol to 
an alcoholic solution of polysulphide of ammonium, brilliant crystalline 
spangles soon begin to appear in the liquid, and after twelve hours, the 
walls of the vessel are covered with beautiful orange-red needles, frequently 
attaining the length of a centimetre, which, after the removal of the 
mother-liquor, have to be washed only once or twice with cold alcohol, in 
order to render them perfectly pure. The crystals are insoluble in water, 
alcohol, and ether, also in bisulphide of carbon; indeed I have not yet 
found a solvent from which they could have been recrystallized. 

Analysis has led to the formula 

C,, H,, N,O,8,=C,, H,, N, O,, H, 8,. 
Hence the crystals are a compound of 1 mol. of strychnine with 1 mol. of 
a persulphide of hydrogen, of the composition 
HS, ; 

Indeed the strychnine-compound splits up in the sense of the above con- 
ception. In contact with concentrated sulphuric acid the orange-red 
crystals are decolorized, and on addition of a small quantity of water, co- 
lourless, transparent, oily droplets of persulphide of hydrogen are separated, 
sulphate of strychnine remaining in solution, The oily drops remain un- 
altered for some time, but are ultimately decomposed into sulphur and 
sulphuretted hydrogen. 


1868. | Dr, Gladstone on Refraction- Equivalents. 439 


The investigation of this sharply defined strychnine-compound, which 
can be preserved for months without undergoing any decompesition, goes 
far to prove the existence of a persulphide of hydrogen, 

: lech s 
it is, however, by no means improbable that compounds of hydrogen and. 
sulphur in several proportions may exist. 

The formation of the strychnine-compound which I have described, 
and which I have often prepared with the same result, could not fail to 
lead to an examination of several other alkaloids in a similar direction. 
Quinine, cinchonine, brucine, and several other vegetal bases were re- 
peatedly submitted to the action of an alcoholic solution of polysulphide 
of ammonium, but in no case were similar phenomena observed. 

The compound of strychnine with persulphide of hydrogen is remarkable 
for its insolubility. An alcoholic solution containing 2°03 grs. of strychnine, 
when mixed with an alcoholic solution of polysulphide of ammonium and 
allowed to stand for twelve hours, was found to have deposited 2°287 gers. 
of the red crystals, 7. e. 87°2 per cent. of the theoretical amount. It 
deserves to be examined, whether the property possessed by strychnine, of 
forming so insoluble a compound with persulphide of hydrogen, could not 
be utilized for the purpose of preparing this alkaloid, and in certain cases 
even for its detection and separation from other substances with which it. 
might be mixed. 


II. “Note on the Anatomy of the Blood-vessel System of the 
Retina of the Hedgehog.” By J. W. Hurxs, F.R.S. Re- 
ceived May 26, 1868. 


(Abstract.) 


This retina is very remarkable for the fact that all the arteries and 
yeins lie upon the inner surface of the membrana limitans interna retine, 
in intimate relation with the membrana hyaloidea ; while capillaries only 
traverse the limitans, receiving a sheath from it, and penetrate the inner 
layers of the retina. The hedgehog’s retina is im this respect a link be- 
tween the non-vascular retina of fish, amphibia, reptiles and birds, and 
the vascular retinze of most mammals. 


III. “ Researches on Refraction-Equivalents.” By J. H. Guapstonr, 
Ph.D., F.R.S. Received May 29, 1868. 


Since the paper of the Rev. T. Pelham Dale and myself “On the Re- 
fraction, Dispersion, and Sensitiveness of Liquids ”’*, our researches have 
been continued from time to time, and a good deal of attention has been 
paid to the subject in Germany. ‘The permanence of the specific refractive 


* Philosophical Transactions, 1863, p. 317. 
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energy of a body, notwithstanding change of temperature, aggregate con- 
dition, solution, or even chemical combination, has been confirmed, and 
upon this has been built the doctrine of Refraction-equivalents. 

Our “ specific refractive energy ”’ is the refractive index of any substance 
minus unity, divided by the density ; in symbolic language c oo i Prez 
fessor Landolt’s “ Refraction-equivalent”’ is the same multiplied by the 
chemical equivalent, or P Ss 

The largest generalization arrived at is that the refraction-equivalent of 
' a compound is the sum of the refraction-equivalents of its constituents. 
This has been sufficiently proved in a multitude of instances among the 
compounds of carbon, hydrogen, and oxygen, and it has been shown, or 
assumed to be the case, in the combinations of many other elementary 
bodies*. 

My more recent researches have branched off into several lines, but an 
especial attempt has been made to answer the following questions. Have 
any of the elements more than one definite refraction-equivalent? and 
what are the refraction-equivalents of the metallic elements? A large 
mass of observations bearing on these points has been gathered together, 
and more or less collated, but it is yet impertect, and my present object is 
rather to indicate the principal method of inquiry than to publish the 
actual results. 

As the metals are opaque, their refractive indices cannot be determined 
in a direct manner as those of gaseous hydrogen, liquid phosphorus, erys- 
tallized. carbon, and other transparent elements have been. An>~attempt 
must therefore be made to determine their effect on the rays of light by 
examining their compounds; but their crystalline salts are very frequently 
doubly refracting, owing to some peculiarities of internal structure, and, 
where they give only one spectrum, there are practical difficulties about 
the experiment that are not encountered in dealing with liquid bedies. 
The solutions of these salts have only one refraction, and it occurred to me 
that they might afford an easy means of determining the refraction-equiva- 
lents, first, of the compounds themselves, and secondly, of their metallic 

and other constituents. In practice, many sources of error presented 
themselves, all of which tell upon the ultimate result, and which necessi- 
«tated improved apparatus, and great care both in preparing the solutions 
and in taking the observations. 

The method generally adopted was as follows : oe amount of salt re- 
presenting the chemical equivalent was dissolved in ” equivalents of water, 


* See Brit. Association Report, 1863, Transactions of Sections, p. 12. Ibid. 1866, 
p. 37. Journal of the Chemical Society, ser. 2, vol. iii. p. 108. Landolt, Pogg. 
Annalen der Physik und Chemie, vols. cxvil., cxxii., and cxxili. Ketteler, Ueber die 
Farbenzerstreuung der Gase, 1865, Haagen, Pogg. Annalen, vol. cxxiil. p. 125. 
Schrauf, Pogg. Annalen, vol. cxxvii. p. 344. Willner, Pogg. Annalen, vol. exxxiil. p. I. 
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and the refractive index and density of the solution were taken. From 
these was reckoned the refraction-equivalent, and subtracting from this » 
times the refraction-equivalent of water for the solar line A, there remained 
the refraction-equivalent of the dissolved salt for that part of the spec- 
trum. That this fairly represents the action exerted on light by the 
chemical compound itself is supported by several considerations. 1st. In 
the few cases, such as chloride of sodium and sugar, where the refraction- 
equivalent of the substance has been obtained, both in the solid and 
dissolved condition, it is found to be the same. 2nd. Solutions of several 
organic substances, such as formic and citric acids, give the theoretically 
correct equivalent for these substances. 3rd. The refraction-equivalent of 
a salt seems to be the same, whether it be dissolved in water or in alcohol. 
4th. The refraction-equivalent of a salt in solution is not affected by 
altering the amount of water in which it is dissolved. 5th. The numbers 
reckoned for these salts in solution bear such a remarkable relation to one 
another as to force the conviction that they are made up of two compo- 
nents, the one depending on the metal, the other on the substance com- 
bined with it. To exhibit the nature and force of this argument, it would 
be necessary to tabulate a long series of results; but for the present I 
shall confine myself to the salts of potassium and sodium with the corre- 
sponding hydrogen compounds. 
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From the above numbers several conclusions may be safely drawn. First, 


* This number seems to be too high, but it is the mean of fairly accordant results. 
It is rejected in the caiculation of average difference between potassium and sodium. 
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it is evident that the refraction-equivalents of the compounds of potassium 
differ very widely according to the nature of the electro-negative con- 
stituents; again, that the refraction-equivalents of the compounds of 
sodium differ pari passu with those of the potassium compounds, being 
always less by a number varying from 3:0 to 3:9. From this it may be 
fairly concluded that the electro-negative constituent has the same effect on 
light, whichever metal it is united with, and that the refraction-equivalent 
of potassium exceeds that of sodium by 3°4, or thereabouts. But does the 
Table afford the data for determining the absolute equivalent of one or 
other of these metals? It was at first thought that this would be arrived 
at by a comparison of the metal with hydrogen, the refraction-equivalent of 
which has hitherto been estimated at 1:3 (or 1°5 in the case of water) ; but 
the last column shows that the difference between potassium and hydrogen 
is not always the same, the differences being greater than can be attributed 
to errors of observation. Indeed the numbers seem to fall into two 
groups: with the mineral acids the differences lie between 4:0 and 4:7, 
while with water, alcohol, and the organic acids, they are always upwards 
of 6, varying indeed from 6:2 to 6°8, the average being 6°55. But it is in 
these last-mentioned compounds that the equivalent of hydrogen is believed 
to be 1:3. Assuming this, we may reckon the refraction-equivalent of 
potassium to be about 6:°55+1°3, that is, 7°85. We have, however, 
other means of arriving at an estimation. Chiorine, in such bodies as 
chloroform or tetrachloride of carbon, is represented by 9°8. Again, 
cyanogen, from the experiments of Dulong on the gas itself, may be taken at 
9-2 Sulphur has a refraction of 16:0; hence sulphocyanogen may be 
reckoned as 16°0+9°2, that is, 25°2. Subtracting these numbers from 
those of the respective potassium salts, we obtain the equivalent of the 
metal. Thus from different sources we may calculate for the value of 
potassium :— 


Prom thetchlorides2 <i vesrvm sae coite cue Pres oF 
bs | py CV BINGE! io .0, cha AU DObD to O58 8 O55 24 of 
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These numbers are tolerably close, though the equivalent of potassium, 
deduced from its imorganic, would, on the whole, be higher than that 
deduced from its organic compounds. ‘The mean of the first four compu- 
tations is 8°2, that of the last four 7:8. Perhaps, pending further re- 
searches, it will be best to assume the mean of these numbers, 3 


Potasstuin 4s sae. or ee Bail: 
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and since a sodium salt has a refraction-equivalent generally 3°4 lower 
than the corresponding potassium salt, we may reckon 


Sodiuim... <2. Seats Chae cifele se = OF 
: ‘ —I 
If instead of taking the refraction-equivalent P — we reckon the 
ey | 
specific refractive energy ae we obtain the following values :— 
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This implies that equal quantities of these two analogous metals exert 
very nearly, if not precisely, the same effect on the velocity of the rays of 
light. 

Another deduction from the above Table is that already alluded to in 
regard to hydrogen ; while in the organic acids it probably has the known 
refraction-equivalent 1°3, it would seem that in the others, viz. hydro- 
chloric, hydrobromic, hydriodic, nitric, metaphosphoric, and sulphuric 
acids, it has a very much higher refraction-equivalent, one in fact which is 
little less than sodium, and falls short of potassium by only about 4°3. 
Hence we may we deduce— 


Hydrogen in organic compounds .... =1°3 
Hydrogen in mineral acids........ ..=3°7 


How far this conclusion may hold gocd throughout, and whether one 
number should be an exact multiple of the other number, must remain to 
be determined by future observations. It appears, however, to answer in 
the affirmative the question whether an element can have more than one 
definite refraction-equivalent. 

Of course, from the Table given above, it would be easy to deduce 
values for each of the electro-negative constituents ; but it would be safer 
to generalize from a larger number of instances. 

The series of observations on potasisum and sodium salts are the most 
complete and the most carefully revised of any which have yet been made ; 
but if their refraction-equivalents are fixed, it becomes a much simpler 
matter to determine those of most other metals. Thus, of lead the nitrate 
and acetate have alone been examined; but as the refraction-equivalents 
reckoned for these salts differ from those of the corresponding potassium 
compounds in each instance by 4:1, the presumption is great that the 
refraction-equivalent of lead is very near 8°0+4°1, or 12°1. 

The following are numbers deduced from two or more salts of each 
metal. They must be looked upon only as approximately true, and any 
subsequent modification of the value 8°0 for potassium, must lead to a 
corresponding modification of the whole series. 


* Haagen, from the crystalline chloride, determined the refraction-equivalent of 
sodium for the hydrogen line d at 4°89. 


= 


AAA, _ Prof. Cayley on Skew Surfaces. [June 18, 


: . Specific 
Chemical Refraction- pee 
Metal. equivalent. | equivalent. refractive 
energy. 
Potasstumi fat. eee 39 8-0 0-205 
Sodtura-.3). Nexen eee. Py) 4-6 0-200 © 
QuibO TIMES a ote een ee. ue 39 0:557 
Magnesiim. scssceparisy sos. 12 37 0-308 
Saupe ce eee. oe 68:5 78 0-114 
SEPOMMIMUTH see ree. acne 43°8 6‘5 0-148 
Calcium sae rete yest oe pote 20 5:2 0:260 
ZALING SA STO cee ae 326 48 0-147 
INIVTONCEIE Sp oe ee Aral oo 29-5 51 0173 
Cobalt’ iwsecddariad ieenedia 29-4. 5-2 0-177 
Wad ec eet rep Re ey ted 103°5 12-1 0-117 
IMIR CURY) Noctis su aces AMern: 100 9°8 0098 
AmMMOnNTM” Leo). sete. 18 11-4 0°633 


These numbers are suggestive in many ways; but I will only remark 
the very high refractive energy of lithium, the practical identity of nickel 
and cobalt, and the remarkable fact that the specific refractive energy of 
the metals are (with one or two exceptions) in the inverse order of their 
atomic weights. 


IV. “A Third Memoir on Skew Surfaces, otherwise Scrolls.” By 
Prof. Caytey. Received May 30, 1868. 


(Abstract.) - 


The present Memoir is supplementary to my ‘‘ Second Memoir on Skew 
Surfaces, otherwise Scrolls,’ Phil. Trans. vol. cliv. (1864) pp. 559-577, 
and relates also to the theory of skew surfaces of the fourth order, or quartic 
scrolls. It was pointed out to me by Herr Schwarz, in a letter dated Halle, 
June 1, 1867, that in the enumeration contained in my Second Memoir 
I have given only a particular case of the quartic scrolls, which have a 
directrix skew cubic; viz. my eighth species, S (1, 3°), where there is also 
a directrix line. And this led me to observe that f had in like manner 
mentioned only a particular case of the quartic scrolls with a triple direc- 
trix line; viz. my third species, S(1,, 1, 4), where there is also a simple 
directrix line. The omitted species, say, ninth species, S (1,), with a triple 
directrix line, and tenth species, S (3”), with a directrix skew cubic, are 
considered in the present Memoir; and in reference to them I develope a 
theory of the reciprocal relations of these scrolls, which has some very 
interesting analytical features. 

The paragraphs of the present Memoir are numbered éonsen ieee with 
those of my Second Memoir above referred to. 
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V. “Transformation of the Aromatic Monamines into Acids 
richer in Carbon.—III. On Menaphtylamine.” By A. W. Hor- 
maNN, LL.D., F.R.S. Received June 1, 1868. 


_ The transformation of naphtaline into its carboxylic acid suggests the 
existence of a large number of compounds which the progress of science 
eamnot fail to realize. It is not my intention to examine in detail this 
group of substances, the composition and even the properties of which are 
sufficiently indicated by theory. There are nevertheless several terms of 
this series which I must not leave unprepared whilst engaged with this 
question. ‘These are the aldehyde, the alcohol, and the monamine of the 
series. It is the latter substance of which I beg permission to submit to- 
day ashort account to the Royal Society. 

My first attempts to produce the aromatic monamine were anything but 
successful. Cyanide of naphtyl, when left in contact with zine and sul- 
phuric acid, even for weeks, was found to yield but trifling quantities 
of menaphtylamine. The greater portion of the nitrile was left unchanged, 
while more or less, by the absorption of the elements of water, was con- 
verted into menaphtoxylamide and even into menaphtoxylic acid. A 
slight modification, however, of the process usually ac opied has removed 
these difficulties. 

It is well known that M. Mendius, after he had discovered the remark- 
able property possessed by nitriles of fixing two molecules of hydrogen, has 
submitted also the amides to the action of hydrogen in conditione nascendi, 
in the hopes of replacing their oxygen by hydrogen, and of producing also 
in this manner the primary monamines. These experiments have not been 
successful. In the presence of the difficulties attending the preparation of 
menaphtylamine, the idea suggested itself of trying whether the sul- 
phuretted amide of the series into which the nitrile is so easily transformed 
would not be more readily attacked by nascent hydrogen than the nitrile 
itself. The result of this experiment was highly satisfactory. On submit- 
ting an alcoholic solution of menaphtothiamide to the action of zinc and 
hydrochloric acid, torrents of sulphuretted hydrogen are at once evolved. 
The addition of zine and hydrochloric acid, and sometimes also of a little 
alcohol, is continued, until, after a day or two, the disengagement of sul- 
phuretted hydrogen almost ceases. The liquid is now mixed with concen- 
trated soda until the precipitate of hydrate of zinc, which is formed in the 
commencement, is redissolved. An oily layer containing much soda and 
alcohol is seen to separate and to collect on the surface of the aqueous solu- 
tion. This layer is removed and heated in the water-bath until the aleohol 
is volatilized. An aqueous liquid is thus produced, on which a yellow oil is 
floating. ‘The latter is principally menaphtylamine, which is still mixed 
with a small quantity of cyanide of naphty! regenerated from the thio- 
compound. ‘The oil is treated with dilute hydrochloric acid, the hydro- 
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chloric liquid separated by filtration from the cyanide, and decomposed by 
hydrate of sodium, when the base separates in a state of purity. 

Menaphtylamine is a very caustic liquid, boiling between 290° and 293°. 
Freshly distilled it is colourless, but soon acquires a yellow tint. It at- 
tracts carbonic acid with such avidity that it is impossible to pour it from 
one vessel into another without a pellicle of the difficultly soluble carbonate 
being formed on its surface. 

The composition of the base was sufficiently indicated by theory ; it ap- 
peared nevertheless desirable to establish it experimentally by the analyses 
of the hydrochlorate and the platinum-salt. 

The hydrochlorate crystallizes with the greatest facility in difficultly 
soluble needles, containing 


C,,H 


C,H,NCl= “H }N,HCL 
H 
The yellow crystalline precipitate which is formed by the addition of 
perchloride of platinum to the hydrochlorate has the composition 


C,, H,, N, Pt Cl, = 2[(C,, H,) H,N, HCl, Pt Cl, 


The transformation of the thio-compound into menaphtylamine is thus 
seen simply to consist in the substitution of 2 atoms of hydrogen for 1 atom 
of sulphur :— 

C,,H, N8S8+2 HH=C,, H,,N+H,8. 

I have but little to say about the properties of menaphtylamine ; never- 
theless the extraordinary crystalline tendencies of its salts deserve to be 
mentioned. The sulphate and nitrate are likewise difficultly soluble ; the 
latter crystallizes in splendid nitrelike prisms. In contact with bisulphide 
of carbon menaphtylamine solidifies at once to a crystalline mass. When 
treated with alcoholic soda and chloroform, it is converted into the terribly 
smelling formomenaphtylnitrile, which I propose to examine somewhat 
more in detail. 

I have also prepared benzylamine, starting from thiobenzamide instead of 
benzonitrile. The experiment is of course likewise successful, the advan- 
tage, however, less conspicuous, since benzonitrile fixes hydrogen with far 
greater facility than the cyanide of naphtyl. 

Be this, however, as it may, the facility with which hydrogen in condt- 
tione nascendi acts upon sulphur-compounds deserves to be noticed. I 
propose to examine in the direction indicated by the above experiments some 
of the more important sulphur- -compounds, more especially the thio-acids 
of the fatty and aromatic series, and the two groups of sulphocyanic ethers. 
The investigation of the latter, indeed, has already furnished me results of 
great neatness and precision. 

In conclusion, I must not leave unmenticned that, since my first com- 
munication on the menaphtan series, I have had an opportunity of removing 
the slight doubts respecting the identity of the acid obtained by the action 
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of oxalic acid upon naphtylamine with that procured by treating a naphta- 
lin-sulphate with cyanide of potassium. M. V. Merz had found the 
fusing-point of the latter acid to be 140°, whilst for the former I had ob- 
served the fusing-point 160°. M. O. Olshausen has since prepared in my 
laboratory a quantity of cyanide of naphtyl according to Merz’s process. 
The acid obtained from this cyanide by treatment with an alkali, thrice 
recrystallized and finally purified by distillation, was likewise found to fuse 
exactly at 160°. Menaphtoxylamide, procured from the same source, ex- 
hibited the fusing-point 203°, while the compound I had formerly examined 
fused at 204°*, The identity of the acids obtained by the two processes 
is thus satisfactorily established. 


VI. “Account of some recent Observations on Sun-spots,: made at 
the Kew Observatory.” By Warren Dr La Rut, Esq., F.R.S., 
Barour Stewart, Hsq., F.R.S., and Bensamin Loewy, Esq., 
F.R.A.S. Received June 2, 1868. 


(Abstract. ) 


The authors, after reviewing briefly the two theories on the nature of 
sun-spots, which are still subjects of dispute, refer to the stereoscopic views 
obtained and the results published in their ‘ Researches on Solar Physics,’ 
and state the reasons which have led them to believe that sun-spots are 
cavities and at a lower level than the sun’s photosphere. Their opinion 
has been recently strengthened by observations of a sun-spot on the 7th of 
May, which in disappearing produced in two successive photograms inden- 
tations in the west limb. 

After proving by the measurements made, which, with the calculations, 
are appended to their paper, that there can be no doubt about the identity 
of the heliographical elements of the previously observed spot and the 
successive indentations, they prove from the established details of the 
phenomena of sun-spots that such indentations must under all circumstances 
be very rare occurrences, and state fully the conditions favourable to the 
recurrence of similar observations, inviting observers to give their particular 
attention to them. 


VI. “The Formation and Early Growth of the Bones of the 
Human Face.” By Groree W. Cattenper, Lecturer on 
Anatomy at St. Bartholomew’s Hospital. Communicated 
by James Pacut, F.R.S. Received June 2, 1868. 

( Abstract.) 
These notes refer to some few points with which we are as yet imper- 


* The fusing-point of this substance is, by misprint (Proc. Roy. Soe, vol. xvi. p. 302), 
stated to be 244°, instead of 204°.—-A. W. H. 
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fectly acquainted, such as the growth of the maxilla, and the formation 
and subsequent obliteration of the intermaxillary bones. As they are 
simply a narration of facts, it is almost impossible to give a satisfactory 
abstract of them. 

After brief consideration of the arrangement of the cartilages for the 
ethmcid and turbinate bones and for the septum of the nose, an account 
is given of the appearances observed in a human feetus four-tenths of an 
inch long, noticing the relations of the maxillary lobes, of the parts which 
represent the palate, and showing that the opposite sides unite from before 
backwards to form the palate, the soft palate remaining ununited in a 
foetus one inch and five-tenths long. The superior maxilla is described, 
before ossification has commenced, in a foetus nine-tenths of an inch long. 
Although ossification begins in this bone at many distinct points, the ra- 
pidity with which the separate ossifications are fused make it undesirable 
to name each as a distinct centre. The palatal and alveolar portions are 
formed somewhat later than the remainder of the bone. In a foetus two 
inches and three-tenths long the bone consists of a nasal process, deeply 
grooved on its inner surface, of an incisor process, which has not hitherto 
been accurately described, of orbital and of palatal-alveolar portions; the 
infraorbital fissure is distinctly marked, and a deep notch shows the situ- 
ation of the canine socket. 

The principal changes which are noticed during the growth of the bone 
result from the thickening and marking of the nasal process, the forma- 
tion of the nasal groove and of the inner and outer walls of the antrum, 
the variations in the relative size of that cavity, the deepening of the sockets 
for the teeth, the formation of the septa dividing them, and the changes in 
the orbital plate. The order and method of these changes are separately 
narrated. 

The ossification of the vomer is shown to commence from its inferior 
and anterior parts, whence also ossification extends to the intermaxillary 
bones, which are formed in the membrane bounding the anterior nares. 
Each of these bones acquires its greatest independent size in a foetus about 
four inches and a half long, and then consists of a nasal process, which 
eventually fuses with the corresponding portion of the superior maxilla, its 
apex assisting to form the ridge for the turbinate bone, and of plates which 
strengthen the incisor portion, and form part of the walls of the incisor 
sockets. In a feetus six inches and seven-tenths long the apex alone is 
distinct, and in a foetus nine inches long the bone is lost in the upper 
maxilla, although the fissure along its posterior margin still outlines its 
shape. The bone grows in the fissure between the incisor process and the 
palate, and is shut off from the face by the first-named and by the nasal 
process. Distinctly outlined at the close of the fourth month, it is jomed 
to the superior maxilla during the latter part of the fifth or beginning of 
the sixth month. 

Some facts are related respecting the formation of several of the remaining 
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bones of the face, and that of the inferior maxilla is specially referred to. 
This bone is beginning to ossify in a foetus nine-tenths of an inch long, and 
is distinctly formed in a fcetus one inch and one-tenth long. Each half 
may be said to grow from four centres, formed (1) by the cartilage which 
tips the condyloid extremity, (2) by the layer of membrane in front of 
Meckel’s cartilage, (3) by the ossification of the anterior extremity of 
Meckel’s cartilage, (4) by deposits of bone in the perichondrium of the 
anterior and middle thirds of the same cartilage, from whichis derived the 
plate of bone which forms the base of the dental canal. 

After giving the measurements of the angles formed between the ascend- 
ing ramus and the body of the bone, and after referring to the subdivisions 
of the groove for the teeth, the growth of the mylo-hyoidean ridge is de- 
scribed, as well as the ossification of the anterior extremity of Meckel’s 
cartilage, the latter forming a triangular block beneath the incisor sockets, 
to the twist acquired by which the prominence of the front of the maxilla, 
known as the mentum or chin, appears to be due. In a fcetus four inches 
and seven-tenths long, the block of bone formed in the anterior extremity 
of the cartilage of Meckel is still clearly defined. 


VIII. “ On a Method of making a Direct Comparison of Electrostatic 
with Electromagnetic Force ; with a Note on the Electromag- 
netic Theory of Light.” By J. Cuurx Maxwext, F.R.SS.L. & KE. 
Received June 10, 1868. 


(Abstract.) 


The experiments described in this paper were made in the laboratory of Mr. 
Gassiot, who placed his great battery of 2600 cells of bichloride of mercury 
at the disposal of the author. Mr. Willoughby Smith lent his resistance-coils 
of 1,102,000 Ohms; Messrs. Forde and Fleeming Jenkin lent a sensitive 
galvanometer, a set of resistance-coils, a bridge, and a key for double 
simultaneous contacts; and Mr. C. Hockin undertook the observation of 
the galvanometer, the adjustment of the resistances, and the testing of 
the galvanometer, the resistance-coils, and the micrometer-screw. ‘The 
electrical balance itself was made by Mr. Becker. 

The experiments consisted in observing the equilibrium of two forces, 
one of which was the attraction between two disks, kept at a certain differ- 
ence of potential, and the other was the repulsion between two circular 
coils, through which a certain current passed in opposite directions. For 
this purpose one of the disks, with one of the coils attached to its hinder 
surface, was suspended on one arm of a torsion-balance, while the other 
disk, with the other coil behind it, was placed at a certain distance, which 
was measured by a micrometer-screw. The suspended disk, which was 
smaller than the fixed disk, was adjusted so that in its position of equi- 
librium its surface was in the same plane with that of a “‘ guard-ring,” as 
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in Sir W. Thomson’s electrometers, and its position was observed by means 
of a microscope directed on a graduated glass scale attached to the disk. 
In this way its position could be adjusted to the thousandth of an inch, 
while a motion of much smaller extent was easily detected. 

An exactly similar coil was placed at the other end of the torsion- 
balance, so as to get rid of the effects of terrestrial magnetism. 

It was found that though the suspended disk and coil weighed about 
half a pound, a very slight want of equality between the opposing forces 
could be detected, and remedied by means of the micrometer. 

The difference of potential between the disks was maintained by means 
of Mr. Gassiot’s great battery. To measure this difference of potential, it 
was made to produce a current through Mr. Willoughby Smith’s re- 
sistance-coil, and the primary coil of the galvanometer shunted with a 
variable resistance. 

The current in the coils was maintained by a Grove’s battery, and was 
led through the secondary coil of the galvanometer. 

One observer, by means of the micrometer-screw, altered the distance 
of the disks till the suspended disk was in equilibrium at zero. At the 
same time the other observer altered the shunt, till the galvanometer- 
needle was also in equilibrium. The micrometer reading and the re- 
sistance of the shunt were then set down as the results of the experi- 
ment. 

The mean of twelve satisfactory experiments, at distances varying from 
25 to ‘5 inch, gave for the ratio of the electromagnetic to the electrostatic 
unit of electricity— 


v= 27°79 Ohms, or B.A. units. 
= 277,900,000 metres per second. 
= 174,800 statute miles per second. 

This value is considerably lower than that found by MM. Weber and 
Kohlrausch by a different method, which was 310,740,000 metres per 
second. Its correctness depends on that of the B. A. unit of resistance, 
which, however, cannot be very far from the truth, as it agrees so well with 
Dr. Joule’s thermal experiments. 

It is also decidedly less than any estimate of the velocity of light, 
of which the lowest, that of M. Foucault, is 298,000,000 metres per 
second. 

In a note to this paper the author gave his reasons, in as simple a form 
as he could, for believing that the ratio of the electrical units, and the ve- 
locity of light, are one and the same physical quantity, pointing out the 
difference between his theory and those of MM. Riemann and Lorenz, 
which appear to lead to the same conclusion. 
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IX. “Results of Examination of Southern Nebulz with the Spec- 
troscope.” By Lieut. J. Herscuzr. Communicated by Prof. 
G.G. Stoxss, Sec. R.S. Received June 1, 1868. 


No. 1179. April 9, 1868. [Great nebula in Orion.] All three lines seen 
remarkably well, and measured as follows :— 


4°63 34°77 a Say a ee 
+ | {Zh a0 wes Doe 


[Note.—6=D+1'67, F=6+1:06.] 
No. 1225. April 9. [‘* Planetary; pretty bright; very small; very little 
extended ; barely resolvable?’ | Not found. 

April 4. Seen; faint, but unmistakeable. Not seen in spec- 
troscope, though most carefully placed and intently looked 
for. 

No. 1565. March 30. [‘* Planetary; pretty bright; pretty small; ex- 
tremely little extended; barely resolvable; 3°75 diam.” | 
Not seen. 

April 18. Seen, but not considered bright enough: some 

- doubt about identity. 

April 23. What was seen on the 18th looks more than ever 
doubtful: a faint haze in a cluster. 

No. 1567. April 23. [‘* Planetary; considerably bright; not very well 
defined.” | Linear spectrum, 


A-00,. D—2-50 
No. 1783*., [“ Remarkable; planetary; pretty bright; =star 
9 mag. ; very small; round.” | Looked for three times, but 
not seen. 
No. 1801. [‘‘ Remarkable; planetary; pretty bright; pretty 


large; round.”’] Looked for twice, but not seen. 

No. 2008. April 12. [‘ Very bright ; large ; very much extended, 45°.’’] 
Well placed, but not seen with spectroscope; focus sus- 
pected, but not enough to prevent lines being seen. 

April 23. Easily visible in telescope. Iam almost certain I 
must have seen this one if it has alinear spectrum. Conti- 
nuous spectrum suspected. 

No. 2017. March 31. [‘‘ Very remarkable; planetary; very bright; very 
large; little extended ; star 9mag.in the middle ; 4*-O diam.” | 
Slight haze and moonlight. Found with difficulty in spec- 
troscope: examination interrupted. A continuous streak 
with blotch of light # from the red end. 


9) 


No. 2102. April 4. ‘Remarkable; planetary; very bright; little ex- 


* 1733. May 4. Seen as a monochromatic light—faint, but eee doubt. Rough 
measurement, D+-2-0, 


VOL. XVI, QR 


452 


No. 2197. 


No. 


No. 


No. 
No. 


No. 


No. 


29081. 


2917. 


3021. 
3092. 


3128. 


3132. 
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tended; 32° diam.; blue.’?] Found at once, and seen in 
finder. Not very fei seen in sper CeeP es third line not 
seen at all. Pe 
2°14 
p+2 14 _p yours, ai 

March 26. [‘‘n Argus and great nebula.””] Spectrum easily 
visible ; did not, however, succeed in separating the lines (low 
altitude.) Estimated position D+1°8+°3, _ 

April 2. [‘ Planetary ; remarkable; small; round; blue ; equal 
star 7 mag. ; 1°°5 diam.” | Well seen in spoceeeee eventu- 
ally a short sharp bright line was seen, with a fainter com- 
panion close by. D+2-1+°1. 

March 26. [Very bright ; large ; round ; barely resolvable.”* | 

- Not seen in spectroscope. 7 

April 13. Not seen in spectroscope, though every precaution 
was taken to secure direction and focus. It is almost im- 
possible that this can have a bright line spectrum, or it 
must have been seen. 

April 23. Seen at once; bright; all three lines easily seen, and 
a fourth suspected, at intervals 1; 3:10? from the first by 
estimation. 

2°10 
D+5.j9=D42'15. | | 

April 13. [* Very bright; large; round.’’] Not seen in spec- 
troscope. (See remark of this date for No. 2917.) 

April 23. [‘ Very bright ; considerably large ; pretty much ex- 
tended, 63°.”"| Not seen in spectroscope. 

April 2. [** Cluster; large; extremely rich; very Re i: 
irregularly round ; well resolved ; star 12 red.”’| Not seen 
In spectroscope (adjustments suspected). 

April 12. Not found in spectroscope. (Remark essentially the 
same as for 2917.) 

April 12. [Remarkable; very wright: very large ; cxivernele 
extended, 92°.” ] Nospectrum seen, though carefully placed. 

April 26. Continuous spectrum suspected: linear spectrum 
considered out of the question. (NB. Clear night, and other 
spectra well seen.) 


. March 25. [‘ Very remarkable ; very bright; very large ; very 


much extended, 122°; bifid.”’] Anirregularly shaped nebula 
with dark space across it. No spectrum seen: faint stellar 
spectrum seen. | 

March 26. Looked for again: no result. 

April 26. A good instance of the extreme difficulty of finding a 
continuous spectrum object. I was enabled to find this one 
by the help of a neighbouring star, whose spectrum was 
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No. 


No. 


No. 


No. 


No. 


No. 


3031. 


4066. 


» 4083. 


4173. 


4183. 


- 4238. 


4284. 
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easily found; but even in oe field the faint light could only 
just be recognized. 

March 25. [“‘Very remarkable; cluster ; » Centauri.”?] A large 
cluster visible to the eye: spectrum eoeane) 

April 29. [‘* Planetary; very small; round; quite sharp. | 
(April 5, not seen.) Recognized in telescope as a small 
round planetary nebula: seen without much difficulty in 
spectroscope as a small luminous point ill defined on the 
more refrangible side. 

4°60 
D=2°55; (£'1)+ 70 =D4+21+4'1. 
63 

April 5. [* Very remarkable; globular cluster; very bright ; 
large ; extremely campoeesad|: in the middle.’’| Seen in tele- 
scope as a slightly oval nebulous ball not very bright 
(? moonshine). Found with difficulty in the spectroscope: 
a faint continuous spectrum of considerable width : no lines. 

April 5. [“ Very remarkable; globular cluster; very bright ; 
large; well resolved.”?| Seen easily in telescope: looked for 
two hours in vain with spectroscope. 

April 13. Spectrum continuous; compared its appearance with 
that of a small star close by to make sure; difference quite 
marked. 

April 13. [* Cluster; well resolved.” ] Spectrum SEL Se con- 
tinuous. 

April 13. [‘* Remarkable; globular cluster; very pene very 
large ; irregularly round; well resolved.” | <A faint conti- 
nuous spectrum certainly seen, but too faint for more than 
recognition ; stellar spectrum seen involved. 

April 5. [‘* Very remarkable ;. planetary ; ; pretty bright; very 
small; round.’’| Not seen in telescope. 


_ April 17. Not seen in spectroscope, though pretty certainly 


4302. 


4355. 


placed. 

April 24. Linear spectrum seen, jyeniah too faint for measure- 
ment, even for absolute certainty of its character. The 
light seen, however, was too strictly tocan to belong to a 
continuous spectrum of so faint an object, but that is the 
whole of the evidence. | 

April 17. [‘‘Remarkable; annular nebula; pretty bright; 
small; round.” | (April 6, not seen in telescope.) Not seen 
in spectroscope, though pretty certainly placed. 

April 24. No result. A faint object in telescope (200), but of 
some size. No spectrum, though satisfactorily placed. 

April 24. [‘* Very remarkable; very bright; verylarge ; trifid ; 
double star involyed.” |] . A very large object with a double 

2R2 
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star in the central patch (sketched). This star was frequently 
in the spectroscopic field, but no lines were seen: a haziness 
suspected, 

April 26. Continuous spectrum: readily found owing to the 
central star. 

No. 4361. April 17. [‘* Very remarkable; very bright; extremely large ; 
extremely irregular figure; with large cluster.” | A large 
nebulous area visible in finder ; not examined with telescope ; 
spectrum linear, but feeble. D+1:98. Some doubt about 
the reading of D. | 

No, 4390. April 16. [‘‘ Planetary; very bright ; very small; round; little 
hazy.’ | Seen in spectroscope as.a short bright line with 
a second fainter one; a third suspected. Measurement 
D+2°34. : 

No. 4403, April 26. [‘* Very remarkable; bright; extremely large; ex- 
tremely irregular figure.” | I should say this is as bright an 
object as any of the larger nebule I have seen. It is a 
striking object (detailed account of appearance and sketch), 
and the various parts could be recognized as they were brought 
on the slit. Measurements, D being read by reflected light 
from soda-flame :— 

4°53 
43g} 456 D=248 
459 459 ° 44 

No. 4628. April 26. [“‘ Remarkable; planetary; very bright; small; 
elliptic.”] Easily seen in telescope, and confidently looked 
for in spectroscope. Spectrum as bright and distinct as any 
yet seen; lines measured by oSliteration with cross-wires in 
a dark field, D being obtained from a reflected soda-flame. 

4-61. 4:81, ~ 5:16, D=2-41, 

or D+2:20, 49:40, $975. 

No. 4510. May 3. [* Planetary; bright; very small; round.”] Iam rather 
surprised to find this described as ‘‘ bright, very small ;” I 
should have expected very bright, pretty large. Its spectrum 
is the first in which I have suspected a new character. In 
the first piace, there is no trace of a third line, and the second 
is more uncertain, as though there were more than one fainter 
companion. The brightness, of the principal line is considerable, 
making measurements by estimation behind the wires in a dark 
field not very difficult. The following measures are, I believe, 


3:32 } o. 462 a 
eee Neb, line= “156 | 4-64. 


In the second place, therefore, here is a reliable measure- 
ment, differing widely from the rest (too widely, as I think, 


| ps-210 


trustworthy: D= { 
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for an accident), but agreeing closely with one other (4390), 
in which the third line is only “‘suspected.”” Both must of 
course be remeasured. This is the first planetary nebula I 
have seen in the “finder.” Can it have changed its cha- 

racter since ? 
[Note.—With four exceptions, Nos. 1843, 2076, 1565, 1801 (all be- 
tween 7" & 11" R.A.), the whole of the bright planetary nebulz between 


80° and 150° N.P.D. have now been examined. 


Abstract of Measurements. 
No. 1179 D+2:19+2°36+ 2°78 


1567 +2°16 
2102 +2°15 
2078 
9581 | 2-1 
2917. +214 
4066 +2°1 
4361 +1°:98 
4390 +234 (!) 
4403 +2:10 
4407 +2°08 


4628 +2:20+2-4042-75 
4510 +232 (!) 


General mean 2°10 DONO) DELS 
6=D+ 1°67 1°67 1°67 
6 +°43 ‘62 1:00 


F=6+1:06 


Supplementary List. 


No. 4450. May 4. [‘‘ Globular cluster ; very large ; very little extended ; 
: well resolved.”?| A faint continuous spectrum barely visible. 
No. 4543. May 4. [‘‘Globular cluster; bright; pretty large; round ; 
partially resolved.’’| A decided continuous spectrum brighter 
in the middle. No trace of lines. 
No. 4678. May 4. [“Globular cluster; very remarkable; bright; very 
large; well resolved.”’] A decided continuous spectrum of 
visible width, No trace of lines. 
May 5, 1868, 
The above were observed this morning half an hour before despatch. 
[The spectra of the following nebule have been described by Mr. 
Huggins. See Phil. Trans. 1864, p. 439, and 1866, p. 383, and Proceed- 
ings of the Royal Society, vol. xiv. p. 40. 


No. 2102 No. 4628 
No. 4238 No. 4510 
No. 4403 No. 4678.-—G. G. 8.] 


No. 4390 
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X. “ Notes on Variations in the origin of the Long Buccal Branch 
of the Fifth Cranial Nerve.” By Wm. Turner, M.B. (Lond.), 
Professor of Anatomy, University of Edinburgh. Cemmuni- 

* cated by Dr. SHarpry. Received June 9, 1868. 


In the Journal of Anatomy and Physiology, November 1866, I gave a 
description of a specimen from the dissecting-room in which the long buc- 
cal nerve, instead of proceeding from the third division of the fifth nerve, 
arose from the superior maxillary trunk in the spheno-maxillary fossa. 

This transposition of the origin of the nerve from its proper trunk to 
one which is sensory in function, seemed to me to be a strong additional 
argument, and from a new point of view, to those which had previously 
been urged by various writers on physiological and pathological grounds, 
in favour of the purely sensory nature of this nerve. 

In a subject dissected during the month of March of the present year, 
variations of an interesting kind in connexion with this nerve were ob- 
served, which afford additional proof of its sensory nature. 

The occurrence within so short a period of two subjects presenting varia- 
tions of so important a nature in their bearings on the much disputed ques- 
tion of the physiology of this nerve, leads me to offer these notes to the Royal 
Society, in the hope that, if inserted in its Proceedings, the attention of 
anatomists may be more generally directed to the matter, and lead perhaps 
to further observations of a similar nature. 

When the superior maxillary trunk was exposed on the left side of the 
head in the spheno-maxillary fossa, in addition to the orbital and palatine 
nerves usually arising from it in this locality, a branch of some size arose, 
which descended behind the posterior surface of the superior maxilla. In 
its course it gave origin to two distinct superior dental nerves, which 
entered foramina in the bone for the supply of the upper teeth. The 
upper of these dental nerves was joined immediately before entering its 
-foramen by another superior dental branch, arising independently from the 
superior maxillary trunk. After giving origin to these superior dental 

“nerves, the branch, now considerably diminished in size, passed downwards 

.to the cheek, where some of its fibres pierced the substance of the bucci- 
nator muscle at the spot where it is usual for the long buccal nerve to enter 
it, whilst others formed a distinct anastomosis with branches of the portio 
dura in the fat over the surface of ‘that muscle. No buccal nerve from 
the inferior maxillary was observed on this side. This arrangement cor- 

‘yesponds almost exactly to the specimen above referred to, as described 

“in the Journal of Anatomy and Physiology, and the two are, I believe, the 
only examples of the kind up to this time recorded. 

On the right side of the same subject a different arrangement was ob- 
served. From the superior maxillary trunk in the spheno-maxillary fossa, 
in addition to its proper branches, two slender nerves arose, which passed 
obliquely downwards and forwards through the mass of fat beneath the ramus 
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of the jaw and the anterior border of the masseter to the fat of the cheek, 

where they anastomosed with branches of the portio dura, and doubt- 
less ended in the integument. These nerves represented, I believe, the 
branches which the long buccal nerve usually gives off before it enters the 
buccinator muscle, and were the only parts of that nerve which arose on 
this side of the head from the second division of the fifth. The remaining 
part of the long buccal nerve arose from the inferior maxillary trunk and 
entered the buccinator in the usual locality. When followed into the sub- 
stance of the muscle, it passed obliquely and gave off branches of great 
delicacy, many of which were traced into the mucous membrane of the 
cheek. Followed upwards to its origin, the long buccal nerve was seen to 
divide at the foramen ovale into two parts, of which one was traced with- 
out difficulty directly into the Gasserian ganglion, and must therefore be re- 
garded as sensory ; the other, connected with the fasciculus, from which the 
temporal and masseteric nerves arose, was followed upwards to the motor 
root of the fifth. Almost immediately after receiving this offshoot from 
tke motor root, the buccal nerve gave origin to the nerve of supply for the 
external pterygoid muscle, and the fibres of the motor root were to all ap- 
pearance prolonged directly into this pterygoid branch, whilst the fibres 
from the sensory ganglion could be distinctly traced into the proper buccal 
part of the nerve. 

There can be no doubt that in this case the entire buccal nerve on the lett 
side was purely sensory. There can also be no doubt that those branches 
arising from the superior maxillary trunk on the right side, which passed 
to the surface over the buccinator, were purely sensory. The remaining 
part of the right nerve also, though connected with the motor root of the 
fifth, yet parted to all appearance with its motor fibres before it proceeded 
_.to its destination. 

I may take this opportunity of referring to a case of variation in the 
origin of the buccal nerve, which, so far as I know, has not yet been re- 
ferred to by British anatomists, and which gives additional evidence of the 
sensory nature of the nerve. In the Bulletins de la Soc. Anat. de Paris, 
1853, S. 109 (quoted in Krause und Telgmann ‘ Die Nerven-Varietiten,’ 
Leipzig, 1868), M. Gaillet describes the nerve as arising directly from the 
Gasserian ganglion, without having any connexion with the motor root, 
then passing out of the cranium through a special foramen midway between 
the F. rotundum and F. ovale, and lying between the great wing of the 
sphenoid and external pterygoid muscle on its course to its distribution. 

Variations in the usually described arrangements of the structures in the 
human body have, as a rule, been studied either from their bearmgs on 
questions connected with practical medicine and surgery, or from the light 
which they throw on the development and morphology of parts and organs, 
put, as these cases prove, their study is not without interest from the teleo- 
logical point of view. 
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XI. “ Description of a Pendulum-Electrograph now in use at the Mel- 
bourne Observatory.” By R. L, J. Euuury, Government Astro- 
nomer to the Colony of Victoria. Communicated by Batrour 
Stewart, Hsq., F.R.S. Received May 23, 1868. 


(Plate II.) 


About eighteen months since, being desirous of making some improve- 
ments in our mode of observing atmospheric electricity, I tried a series 
of experiments with Sir William Thomson’s various methods of obtaining 
observations and measures of the electric state of the atmosphere; the re- 
sults of these were so very satisfactory that I had a divided-ring reflecting 
electrometer made, as nearly similar as possible, judging from the descrip- 
tions available, to those used by himself. This was attached to a water- 
dropping collector, and I obtained the deflections of the needle measured by 
means of a telescope and reflected scale. Prior to this, all observations of 
atmospheric electricity were made with Quetelet’s modification of the Pel- 
tier electrometer, where the needle and its little directing magnet are sus- 
pended by a cocoon fibre instead of on a point. The use of this, however, 
was very troublesome, involving its being carried to the highest part of the 
building at every observation, brought down, and placed on its stand within 
doors, the needle brought to rest by a magnet, and, after reading off the 
force of repulsion, the ascertaining of the character of the electricity by a 
separate operation. After using the divided-ring electrometer for a few 
weeks, it became apparent that no method of observing atmospheric elec- 
tricity that was not continuous could possibly afford results that would 
embrace the numerous and rapid changes which take place. I found also 
in observing with the divided-ring electrometer that the torsion of the pla- 
tinum wire was uncertain, requiring very frequent alteration of the zero- 
point, especially after great disturbances. 

I therefore endeavoured to devise an electrograph that should act by 
gravity instead of torsion; and for this purpose the electrometers of Sir 
W. Thomson and the photographic registration method adopted in the Kew 
magnetographs afforded mea sufficient groundwork. In August last I so far 
succeeded as to obtain regular photographic curves of the electric condition 
of the air about 18 feet from the earth’s surface; experience of the first 
temporary apparatus suggested modifications; and im November an im- 
proved instrument was erected, of which a brief description was read before 
the Royal Society of Victoria in December. Some defects in the perform- 
ance of this, however, led to even a further modification ; and since Decem- 
ber last the improved electrograph has performed most satisfactorily. 

Plate II. will explain its construction. It may be generally described 
as consisting of— 

1. Reservoir of electricity. 
2. The pendulum. 
3. Electrodes. 
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4. Charge-measurer apparatus. 
5. Lifting-cradle. 

6. Outer metallic cover. 

7. Charging-apparatus. 

1. Reservoir of Electricity.—On an octagonal slab ef slate 1 inch thick and 
15 inches from side to side, is fixed an ordinary Leyden jar, A ; to the inside 
bottom of this jar, and in connexion with its inside coating, is fixed a pillar 
of brass tube reaching to about the level of the mouth of the jar; to the 
top of this is fixed the support (4) for the moveable part with its mirror. 
Connected with the pillar, and projecting upwards and outwards beyond 
the top of the jar, is a branch of metal terminating in a ring (@), to facilitate 
charging the Leyden jar. 

The support of the moveable part will be best understood by reference to 
the Plate, where it is marked d; it consists of a Z-shaped piece of brass 
attached to the top of the pillar with a central screw and three set screws, 
by means of which the surface (e) upon which the moveable part rests may 
be set quite level. The surface (e) is of polished hardened steel about 1 inch 
long and + inch broad, dovetailed into the brass Z-piece. 

2. The Pendulum.—The moveable or sensitive part (P), which may be 
called the pendulum, has its centre of gravity and point of suspension nearly 
coincident. It consists, first, of a mirror-frame (/) and knife-edge (g) with 
counterpoise (/), needle (7) with its counterpoise (j) and balance-screw (A). 
The mirror, a piece of silvered parallel glass about 1 inch square, is clamped 
on to its frame by two little clips; the knife-edge (7) is of hardened steel, and 
is fixed as nearly as possible in a plane with the silvered surface of the 
mirror ; the counterpoise brings the centre of gravity of the whole nearly to 
the centre of the knife-edge. 

The needle is a piece of No. 16 aluminium wire fixed to the back of the 
mirror-frame, projecting vertically upwards for about 4 inches from the 
level of the knife-edge, and terminating in a piece of thin sheet aluminium 
(a) about 12 inch long and } inch wide, bent to a curve of 4 inches radius 
aud fixed to the wire at right angles to the plane of the mirror, and with 
the chord of its curvature at right angles to the wire itself. The counter- 
poise to this is found at j; a small brass wire, screwed, projects down- 
wards from the frame and carries a small weight, which can be adjusted 
by screwing up and down the wire so as to obtain the required sensitiveness 
of the pendulum. ‘The balance-screw (4) is a piece of small brass wire 
screwed its whole length, terminating at each end in a little capstan head. 
It is attached at right angles to the frame and perpendicular to the plane 
of the mirror by means of a small stud (2), through which it can be screwed 
in order to adjust the whole pendulum to the required verticality. 

3. Llectrodes.—Firmly fixed to the slate base are two stout pillars of 
brass (m, m), 2-inch diameter and 20 inches high ; these are connected at the 
top by a bridge of stout brass (7), to the centre of which a block of ebonite 
carrying the clectrodes (0, 0’) is firmly screwed. These consist of two seg- 
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ments of a ring of brass of 43 inside and about 42 outside radius, and 3 of 
an inch wide; they are firmly screwed to the ehonde so as to form together 
a true arch, but with the end at the vertex separated by about + of an inch, 
care being taken that they are perfectly insulated from one ‘angie? and 
from allother parts. Attached to each electrode i is a stout brass wire (p p') 
projecting upwards and ending in a ring*. 

4. Charge-measurer.—On the aluminium stem of the pendulum, and 
about two-thirds of the distance between the centre of the mirror and the 
eurved piece of aluminium from the former, is a disk of gilded mica (q), 2 an 
inch in diameter with its plane parallel to that of the mirror; fixed to the 
outer metal case (to be described) is a sliding-tube and screw (7), through 
which passesa steel wire (s) terminating inside the case with a disk of sheet 
brass 1 inch diameter. This is so arranged that the wire disk can be 
pushed free through the sliding-tube and fixed with the disk at any defi- 
nite distance from the mica disk; while a further and gradual approach is 
made with the sliding-tube and screw, both of which are divided ; the wire is 
graduated to inches, the tube and screw together measuring to iy of an inch. 
The large disk, when withdrawn, rests against the side of the covering case 
6 inches from the needle. The screw isa four-threaded one with six turns 
to the inch, and is sufficiently long to allow of 2 inches’ motion of the 
sliding-tube. 

5. Lifting-Cradle.—This consists of a cradle analogous to the lifting 
apparatus of a good chemical balance. It lifts the pendulum at three 
points; one is a V, a prolongation of the knife-edge, the other two are 
formed by the arms of the balance-wire; the cradle (M) is fixed to a piece 
of ebonite (¢) projecting from a tube (w) which slides on one of the pillars, 
which can be moved up and down to the required extent by a screw (v v) 
passing upwards through the bridge. This screw is worked by a key (w) 
through the top of the outer case. The cradle is set upon the ebonite with 
adjusting screws, so that it can be made to lift the pendulum quite symme- 
trically, and lower it without setting it vibrating. 

6. The outer metallic cover.—x x x is a cylinder of copper 22 inches 
high and 12 inches diameter, covered at the top. It has a flange (N) of 
brass at the bottom which is ground flat and fits almost air-tight on the 
slate slab; three studs find their places in three holes in the slab. and 
keep it in position. In front of the mirror is the window (W) of the 
cylinder, which is closed by a piece of parallel plate-glass, and covered out- 
side by a metal plate having two tubular openings, to which are fitted the 
telescope and dark channel for leading the slit of light to the mirror and 
thence to the cylinder, as in the case of the Kew magnetographs. At the 
back and opposite the window is the charging-hole (y); this is an opening 
lined with ebonite and having a cap to screw on outside. Above the win- 
dow, the sliding-tube and screw of the charge-measvrer (7's) is fixed. On 

* Adopting Sir W. Thomson’s plan, I have since covered all the ebonite or Meee 
parts with paraffin with great improvement in insulation. 
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the top of the cylinder are two tubular apertures lined with plugs of ebo- 
nite, through which the external parts of the electrodes pass. ‘The key 
for lifting the pendulum is also fitted on the top of the case. 

7. The charging-apparatus.—This consists of an ordinary electrophorus, 
and of a rod of wire covered with gutta percha or ebonite, terminating at 
one end in a brass knob, at the other in a projection of uncovered metal for 
placing in contact with the ring which projects from the Leyden jar pillar. 
_ The air inside the cylinder is kept perfectly dry by two leaden trays, con- 
taining lumps of pumice-stone saturated with sulphuric acid*. 

The arrangement of light, cylinder for photograph-paper and clockwork, 
as also of the reading-telescope and scale, are in all respects similar to those 
adopted for the vertical-force magnetograph of Kew, and described in the 
Report of the British Association for 1859. 

The water-dropping apparatus is of the same kind as described by Sir W. 
Thomson in Nichol’s Cyclopzedia (1860, art. ‘‘ Atmospheric Electricity ’’). 
The cistern contains about twenty-eight gallons, which is found to give the 
requisite stream for about thirty hours. It is a copper vessel, 2 feet square 
and 1 foot high. Keeping it shallow avoids much alteration of head of 
water, and consequently secures a more regular stream: this tank rests 
upon four ebonite insulators indoors. A copper pipe ending ina fine nozzle 
passes through a hole in the glass of the window, and projects to about four 
feet beyond the wall of the building; the tank is connected with the elec- 
trometer in another chamber by means of a copper wire very thickly covered 
with gutta percha. 

The mode of using the whole apparatus may be thus describod. The 
Leyden jar or reservoir is first charged by a few good sparks from the elec- 
trophorus; to do this the cover of the opening (y) is removed and the 
charging-rod inserted so that the bare end rests on the ring (c). The 
sparks from the electrophorus are then passed to the brass knob, which 
projects a few inches outside the case. The rodis then withdrawn and the 
opening closed. The act of charging generally sets the pendulum oscilla- 
ting; it soon comes torest, however. An hour after charging I have gene- 
rally found the charge sufficiently permanent for commencing registration. 
The two electrodes are then connected with the earth; in a minute the 
reading of the reflected scale will give what may be styled charge-zero, 
which is always different from the zero-reading before charging the jar, 
the latter being the reading of the position of rest of the pendulum (which, 
by the bye, I make so sensitive as to vibrate about once a second). The 
charge bas now to be measured in terms of the slide and screw. To do 
this, the wire is first pushed in till the disk is at some definite distance from 
the pendulum-disk ; to admit of this being done precisely and quickly, a 

* Tt is necessary that the sulphuric acid be quite pure, for nitric acid is often an im- 


purity in commercial samples, which soon corrodes all the parts. To avoid this, it is 


best to heat the sulphuric acid well in a platinum dish and drive off all the nitrous 
fumes. 
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small stop (2) is fixed on the rim, and when the stop is home and the screw 
and slide reading two inches, the disks will be exactly two inches apart. 
The disk is then gradually approached by means of the screw until, by the 
attraction exerted upon the pendulum and consequent movement of the 
mirror, the reading of the scale has altered any definite but small amount 
(say, =10'); the indices of the slide-and screw are then noted and entered 
as the charge-reading. ‘The photographic cylinder is now adjusted to its 
place, and the dot of light falling on it ascertained to be of its proper bright- 
ness; for after charging and after great atmospheric disturbances the pen= 
dulum will be found to have shifted, slightly displacing the dot laterally, 
and rendering it weak and undefined ; a gentle lifting and lowering of the 
pendulum, however, by means of the lifting- -apparatus and screw sets ‘this 
right immediately. 

The air-electrode () is now disconnected from the earth, but p’ is left 
connected ; the needle then assumes a slightly different position, which after 
five minutes is read off by the telescope and entered as the earth-reading. 
This position becomes also photographed, and will appear as a short but 
undisturbed line on the sheet. At the end of the five minutes the wire 
leading to the water-dropper is attached and the whole left for twenty-four 
hours; at the expiration of this period the tank is detached, and five mi- 
nutes after the earth-reading taken and entered as before. The two elec- 
trodes are then connected and the charge measured, the light and barrel 
readjusted for the second day’s curve, scale-reading observed and entered 
again, and so on for the next twenty-four hours. 

The curves show at the commencement and end of each day a short 
straight line already referred to, and corresponding to the mirror’s 
position for the earth-reading; a line drawn from one to the other of 


these gives the zero or base-line for the day; any loss in the charge of 


the jar, which is assumed to be proportional to the time, is thus accounted 
for ; for the line will be inclined to the edge of the sheet in proportion to 
the loss in the twenty-four hours. In the case of this electrometer, the 
charge of the jar being positive, and the front electrode being the one con- 
nected with the air, a positive charge will raise the reflected beam of light, 


and a negative one lower it; so that the curve above this zero-line indicates 


positive, and below it negative electricity. 

It now remains to show how the indications: of the apparatus are 
reduced. ‘The standard I have adopted is one cell of Daniell’s battery. 
The deflections of the pendulum will be very nearly a joint measure of the 
charge of the jar and of the electric potential of the air where the water 
breaks into drops; the charge of the jar, as I have shown, is arbi- 
trarily measured in terms of the screw every day; and the value of these 
measures, in terms of Daniell’s cells, is obtained as follows:—A 12-cell 
Daniell’s battery is placed at hand: the reservoir is first charged pretty 
highly and left for an hour; the electrodes are then both connected with 
the earth, and the reading of the reflected scale obtained as a zero. The 


a, 
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charge-measuring disk is now approached to the pendulum-disk until a suf- 
ficient deflection is caused to alter the scale-reading (say, 10’) from the zero, 
and the indication of the slide-tube and screw noted as charge-reading. The 
electrodes are now disconnected from the earth and connected with the 
12-cell battery, one with one pole and one with the other, and the deflection 
then read off; the poles are then reversed and a second reading obtained. 
The charge-reading is now obtained again, as well as the zero-reading. 
The following actual observations will further elucidate this :— 


Scale-reading. Screw-reading. 
DEVO? Hee Whee 96°5 
Whareers sa... 48 940 
BatteryR se.) . 101°6 
ibattery Nee Si. 90°4 
hare ees eens Pa ms 940 
LOM ART. 96:2 


The reading for battery in first positions differs from zero by +-5°1 divi- 
sions, and in the second by —5:8 divisions. A deflection of 5°45 divisions 
is therefore equal to twelve Daniell’s cells when the charge-reading is 
940. The charge is now reduced and the same process is gone through. 
This is repeated for eight or ten degrees of charge; and by this means we 

obtain a set of readings of the amount of deflection caused by a 12-cell 
battery for various states of the charge, as well as arbitrary measures of the 
charge by the screw- and slide-tube. 

One set of observations gave the following results :— 


When the reading of the 

charge-measurer (with the 
disks near enough to pro- 
duce a deflection of 10’) is 


Twelve cells Daniell’s 
battery causes a deflec- 
tion of pendulum of 


AIO Aen ats eel ce ot 0:06 scale-divisions. 
DOO. shes Cetera ae cuca 4 Bre eres LOMO ¥ 
SOO eRe Cis ota salle ook en eaten oO, Ms 
AV RGSS SE ARE een i, fe ne 1:90 ‘ 
BPO ARSE ATM nad ane Ne RMD O-3 5 a 
GEO OM ae ke A coed eek ie ta, 2°80 eh 
ODE Se OA cee Soa sy 
OPO ae es a oO ss 
DrO Ore stat wi Sas 5 sol gi ties 4°80 a 
TOO Orde rcte Sell. <\reveuneueneer TOO =A 
LINES S i FES te ee eee 0) <s 
OO Bate erase stoavars, a sane wxoutisues 9:09 a 


The distances between the disks when the charge-measurer reads 1:00 
and 12-00 were 1:16 inch and 3 inches respectively. From this a Table is 
computed, in which the value of the scale-reading and of the ordinates to 
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the curves in terms of the Daniell’s cells is shown for every value of the 
charge of the reservoir. 

This apparatus has scarcely been in use for a sufficiently extended period 
to allow of any reliable deductions being made as to the existence of laws 
in the variations of the force of atmospheric electricity, or of any relations 
that may exist between this and other meteorological phenomena. Some 
facts, however, can be already gathered from the curves obtained. These 
are, first, the periods of maxima and minima, which are most distinctly 
shown. The former occurs at from 6° 30™ to 8® 30™ a.m., the latter at 
from 1 p.m. to 3. p.m. A second maximum at from 9 to 10 p.m., anda 
second minimum at from midnight to 2 a.m. are also indicated. 

The greatest disturbances take place during our northerly winds, especi- 
ally in dry hot weather, when a very great. negative tension often occurs, 
so strong as to be beyond the measuring-power of the instrument, in which 
case sparks may be generally obtained from the air-electrode. The usual 
turning of the wind from N. to S.W. is always accompanied for a short 
period by an almost equally high positive tension, but during strong and 
hot northerly winds the high negative tension lasts as long as the wind 
blows strong and dry. 


XII. “ Further particulars of the Swedish Polar Expedition.” Ina 
Letter addressed to the President, by Prof. A. E. NorpEn- 


ski6Lp. Communicated by the President. Received June 12, 
1868. 


Stockholm, June 7th, 1868. 

Sir,—I had last night the honour of receiving your letter, and hasten 
to express my gr atitade for the offer of some magnetical instruments. As 
an able éléve of Prof. Edlund, Dr. Lemstrém, will join the expedition, ex- 
clusively for studying the meteorology and terrestrial magnetism of these 
remote regions, I hope that these instruments will be often and advan- 
tageously employed. But the expedition will start from Gottenburg the 
lst July, or from Tromso the 9th July.. The boxes can be addressed to’ 
Count Ehrenward, Gottenburg, or Consul Aagaard, Tromso. Excepting 
myself and two officers of the Navy (Capt. Baron y. Otter and Lieutenant 
Palander), the expedition will consist of— 


Doctor Malmgren, 
pode pinnate; 
» Nystrom, 
Mr. Holmgren, 
Doctor Fries, 


} Botanists. 
i. Bergren, 
Doctor Lemstrém, “ Physiker.” 


A Geologist, a Conservator, and about 20 Mariners. 


7 Loologists. 
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Almost all the zoologists and botanists will, however, return in Sep- 
tember, with a ship hired for the purpose, and the remaining party will 
try to go further northward, west, or eastward, from the north-west part 
of Spitzbergen, where the expedition can obtain a sufficient depot of En- 
glish coal. We will also try to employ the brown coal of King’s Bay ; 
but I fear this supply is not to be relied upon. 


XIII. “An attempt to apply Chemical Principles in explanation 
of the Action of Poisons.” By W. H. Broapsent, M.D. 
Communicated by Dr. F. Sisson, F.R.S. Received June 18, 
1868. 

(Abstract.) 


The starting- po in the inquiry has been the two following pos- 
tulates :— ~ 

1. That there must be some relation between the substance administered 
and the animal organism, on which the effects depend. 

2. That, so far as the substance is concerned, the basis of the relation 
ean only be its chemical properties, using the term in its widest sense. 

From these postulates follow certain corollaries :— 

1, That the physiological and pietapeatie action of the same substance 
must be similar in kind. 

2. That the action of food, remedies, and poisons must be capable af 
explanation on the same principles. 

3. That substances chemically allied should have similar physiological 
and therapeutic actions, or any diversity found to exist should be capable 
-of explanation on chemical grounds. 

The second of these deductions is taken as a guide in the present inquiry. 
Something is known as to the uses of the various classes of foods in the 
economy, and of the mode in which they subserve these uses; this know- 
ledge may be applied in the endeavour to ascertain the mode of action of 
‘poisons. 

The operations taking place in the animal organism may be divided 
into two great classes :—(a@) for maintenance of structure, (3) for evolution 
of force. While mutually interdependent, they are distinct, and in cha- 
racter essentially antagonistic, structural and chemical elaboration on the 
one hand, oxidation or disintegration on the other. 

The two great classes of food, organic and mineral, are in close relation 
with these. The organic foods build up the tissues, but ultimately undergo 
oxidation and yield force. The inorganic foods take a subordinate part 
in the composition of the textures ; they do not yield force by oxidation, 
but they influence the nutritive processes. So also the organic remedies 
and poisons affect the evolution of force, mineral substances the organic 
processes. 

(The action of mineral matters has been noticed elsewhere.) 
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The force evolved in the animal organism takes the form of heat, motion, 
and nervous action ; but there are very important points of difference be- 
tween heat on the one hand and nervo-muscular action on the other, both 
as to the part they take in the vital processes, and in the conditions of 
their evolution. 

It is through their action on the nervous system that the powerful- 
organic poisons destroy life; and in order to understand this action, it is 
necessary to consider closely the evolution of nerve-force, and to endeavour 
to realize the chemical conditions implied. 

In the first place, the source of nerve-force is oxidation, and the seat of 
the oxidation is the nervous structures. This is generally admitted, and 
seems to be conclusively established by an analysis of the phenomena 
observed in experiments with a prepared frog’s leg. 

This admitted, it is to be noted— 

1. That nerve-action is intermittent and of varying intensity, and that 
in addition to the presence of the oxygen brought to the nerve-structures 
by the blood, an impulse from without, or from some other part of the 
nervous system, is necessary to determine the evolution of the force. 

2, Again, there is a storing up of potential energy in the nervous struc- 
tures; witness the necessity for sleep, &c. 

3. A due supply of oxygen is required. The phenomena of asphyxia 

show that the demand is most urgent in the hemispherical ganglia. 

These facts indicate that the constituent of the nervous structures by 
oxidation of which the force is yielded, possesses what I have ventured to 
call chemical tension, a property which does not belong to non-nitrogen- 
ized matter, or to all nitrogenized matter. It will be further explained 
later ; for the present, it is sufficient to refer to nitroglycerine as an ex- 
treme example. 

The protagon of Liebreich, and the neurine recently identified by Wurtz, 
with hydrate of trimethyl-oxethyl-ammonium, have this characteristic in 
a certain degree. 

Turning now to the poisons which kill by their powerful action on the 
nervous system. ‘They all contain nitrogen, and all possess chemical ten- 
sion; and these seem to be the only points common to the entire group. 

Nitrogen cannot be the poisonous element; it has no great chemical 
energy, and it is present in large proportion in substances which are 
inert. It is nevertheless the pivot on which the deadly influence turns. 
Its affinity for H, O, and especially for C, is only feeble. When, therefore, 
in a molecule containing C, H, and N, or C, H, N and O, the elements are 
not so arranged that the mutual affinities of C, H, and O cooperate to 
maintain the integrity of the molecule ; there may bea more or less powerful 
tendency on the part of C, H, and O to rearrange themselves without re- 
gard to the N, or to combine with O or H,O if presented. This is what 
is meant by the term chemical tension. In the example given, nitrogly- 
cerine {C, H,(NO,),0,}, the dislocation is of O from N in favour of C and 
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H. Equally striking examples of dislocation of N from C or H cannot 
be given, and it is not easy in all cases to point out the source of the tension. 
A yery important method in which the balance of affinities is deranged 
and the condition of tension brought about, is by departure from 
a stable type, as, for instance, in the nitrite bases, which are residues 
derived from ammonium-salts by dehydration. To this class belong 
morphia, strychnia, brucia, and most poisonous alkaloids. Additional 
interest is given to these compounds by the fact that Dr. Crum Brown 
and Dr. Fraser have shown that, by introduction into the molecule of 
-methyl-iodide, carrying back the constitution a step in the direction of 
the ammonium type, the poisonous effects are greatly diminished, and 
entirely altered in character. 

Let the deduction as to the evolution of nerve-force be accepted, and we 
have in the introduction into the blood of substances having varying degrees 
and directions of tension an intelligible method of influencing its mani- 
festations. 

Looking now upon nerve-action as a result of oxidation, in the various 
methods by which this oxidation may be influenced, analogies may be 
traced with conditions which affect ordinary combustion. These condi- 
tions are— 

1, The supply of oxygen. 

2. The character of the combustible. 

3. The presence of products of combustion, or of bodies having a 
similar influence. 

It is of course necessary to bear in mind the peculiarities of the oxida- 
tion yielding nerve-force, the differences between combustion and oxidation 
in the moist state, and the special modifying conditions of the animal 
organism. For example, while in asphyxia the deprivation of oxygen 
arrests all nervous action, the respiration of undiluted oxygen does not 
intensify it, either because the blood will only take up a certain pro- 
portion of oxygen, or more probably because the effects of the O are 
expended in altering the blood, which is thus oxidized instead of being 
oxygenated. ; 

The analogies to the above conditions found in the action of substances 
on the nervous system are— 

1. The liberation in the nascent state in the nervous structures of C and 
Ti, which appropriate the O brought by the blood, and so produce a result 
equivalent to the exclusion of O. The C and Hi are set free by the dis- 
locating influence of N, and the example of this mode of action is furnished 
by prussic acid. 

The converse of this, the liberation of O by a similar process, is not 
likely to occur, as O is never present in an organic body in excess of 
the proportion which would fully oxidize the other elementary consti- 
tuents, 

2. The analogy to the influence on the energy of combustion by the 
VOL. XVI. 25 
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character of the combustible, is found in the introduction into the blood of 
substances having chemical tension, holding different relations to the tension 
of the nervous matter, 

3. The action of anesthetics on the nervous system furnishes a ‘gtiiet 
parallel to the influence of CO, on combustion. 

The rationale here given as to the action of anesthetics is, for the pur- 
poses of the present paper, taken as established by the late Dr. Snow. 
Objections which have been made to it are capable of removal by experi- 
ments and considerations which need not here be adduced. . ih 
- Considerable importance is attached to the establishment of the sii 
nation here given of the action of prussic acid. Stated more explicitly, 
this explanation is, that the prussic acid is carried by the blood to the 
nerve-centres; that under the influence of the affinities thus brought to 
bear upon it (affinities which normally determine the oxidation by which 
nerve-force is evolved), its elements are dislocated from each other, and 
the C and H liberated in the latent condition appropriate the O destined 
for the evolution of nerve-force which is thus arrested. : 

-This explanation is suggested by the composition of hydrocyanic acid, 
H Cy. Cyanide of potassium KCy, again, is used as a powerful re- 
ducing agent in chemical processes. Its liability to the change which 
will permit its elements to exercise their individual affinity for O, is indi- 
cated by its spontaneous decomposition in water, by its position as a nitrile 
(formio-nitrile). Corroborative evidence that it is by means of such a 
change that it acts, is furnished when the elements are held together by 
some supporting affinity, as in ferro-cyanogen. But the best example is 
in sulphocyanogen and hydrosulphocyanic acid, which of themselves are 
poisonous (7. e. cannot resist the dislocating influences), but, reinforced 
by a base, are innocent. [A parallel to this is seen in aniline, which is 
poisonous, and in sulphate of anilime, which is not. See Lond. Hosp. 
Reports, Dr. Letheby. | 

The phenomena by poisoning by prussic acid are perfectly consistent 
with this view. All observers have noted their similarity to those of 
asphyxia. 

Still more striking is the fact that artificial respiration, and espe- 
cially with oxygen, is the great means of neutralizing the effects of this 
poison. 

Probably this chain of facts would be considered conclusive, were it not 
that the hypothesis as to the mode of death by H Cy is paralysis of the 
respiratory movements. This hypothesis, however, still leaves unexplained 
the cause of the paralysis itself, and therefore the real mode of action of 
the poison. It is, moreover, inconsistent with certain of the phenomena ; 
the respiratory nerve-centres are actually the last to be paralyzed, except 
those concerned in the action of-the heart. 

Experiments nevertheless have been made for the purpose of ascertaining 
whether the previous respiration of undiluted oxygen would retard, or in 
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any measure prevent the action of prussic acid. The results have, been by 
no means uniform ; but instances have occurred (rats being the animals 
used) in which, after the injection of an overwhelming dose, the fatal 
effect has been delayed quite beyond the operation of accidental causes ; 
and again, in which a dose fatal to two rats, and barely survived, after a 
long train of symptoms, by one other, produced comparatively little effect 
on another after the respiration of oxygen. 

It has been found also that a proportion of prussic acid diffused in 
equal volumes of air and of oxygen, has a decidedly less powerful action 
on the animal in the latter case. 

With frogs the results were most contradictory and embarrassing, till it 
was discovered that prussie acid injected under the skin had scarcely any 
action on them. But if they were subsequently placed under a glass shade, 
or in some other confined atmosphere, into which the acid diffused, it 
would gradually affect them. It seems probable that the affinities in 
operation in the nervous structures of the frog are not sufficiently energetic 
to determine the decomposition of the H Cy, which will then act upon 
this animal as an anesthetic. 

Nitroglycerine was at first made the subject of experiment, under the 
idea that possibly oxygen might be evolved from the NO,, which is 
substituted for three equivalents of H in the typical molecule. Sub- 
sequent reflection showed that this is not likely to occur; but the 
fact remains, that it is a substance liable to change, and very highly 
charged with oxygen, as compared with the ordinary constituents of the 
body. 

It is a very powerful poison, having, however, entirely different effects 
on frogs and rats. 

In frogs it very speedily induces powerful tetanic convulsions (a single 
drop of a solution of one pint of nitroglycerine in four parts of methyl in 
alcohol placed on the back of a frog is followed in five or eight minutes by 
stiffuess of movement, and in thirteen to sixteen minutes by most violent 
spasms). In rats an hour or more elapses before any symptom is manifest, 
and then death is by a gradually increasing feebleness of movement, in 
two or three hours, without convulsion. 

It is unquestionable that this difference in the effects has a adetea with 
the oxygen contained in the nitroglycerine. The contrast with prussic 
acid in the action on warm and cold-blooded animals is suggested. 

A. very extended and comprehensive inquiry, both as to the conditions 
in the nervous system associated with convulsions, tetanus, delirium, &c., 
and into the relations and constitution of the poisons which give rise 
to these symptoms, is necessary before the second analogy can be followed 
out with any confidence. Experiments are being made with substances of 
known composition and constitution, with a view to elucidate this part 
of the question. | 

In conclusion, two points are considered which cannot be passed over in 
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any attempt to apply the principles of physical and chemical science to 
the case of poisons. 

The first is as to the minuteness of the fatal dose. Any explanation, 
before it can be accepted, must show that the cause is adequate to produce 
the effect. This is a difficulty in the path of any rational explanation. — It 
is attempted to meet it by showing, on the one hand, that the equivalency 
of nerve-force is extremely small, by reference to its analogy with electrical 
currents, and by other considerations, and that therefore the degree of 
chemical change involved in its evolution is also small; and, on the other 
hand, the maximum of force to be obtained from an organic body is 
through the exercise of the affinities of its individual elements. 

The second point is as to the special action of certain poisons on par- 
ticular nervous centres,—strychnia on the cord, morphia on the brain, &c., 
the substances being carried by the blood to all alike. It is as necessary 
to explain why no effect is produced on those centres, or tracts which do 
not suffer, as to explain the action on the one which does. The explana- 
tion is sought in the fact that the difference in the functional activity of 
the brain and cord, the need for sleep by the brain, not experienced, at any 
rate in the same degree, by the cord, point to a difference of tension, and 
therefore of relation with the substances which act as poisons. This con- 
sideration will apply where the differences of susceptibility and of tension 
are not so marked. : 

But this is only part of a still wider question—the different action of 
poisons on different classes of animals. The explanation is still the same. 
Difference in the functional energy or activity of corresponding nerve- 
centres implies difference of tension. 

The following facts bear strikingly on this point :— 

1. Anzesthetics affect all classes of animals alike, 7. e. when the effect 
is a general arrest of oxidation. 

2. Strychnia, which acts on the cord, affects all animals alike. The 
spinal system is the centre which is most similar in its endowments in all 
classes of vertebrates. . 

3. The poisons which have the most diverse action on different animals 
are such as in man act on the cerebral ganglia. 


XIV. “On the Communication of Vibration from a Vibrating Body 
to a surrounding Gas.” By G. G. Sroxus, M.A., Sec. R.S., Fel- 
low of Pembroke College, and Lucasian Professor of Mathematics 
in the University of Cambridge. Received June 18, 1868. 


(Abstract. ) 


In the first volume of the Transactions of the Cambridge Philosophical 
Society will be found a paper by the late Professor John Leslie, describing 
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some curious experiments which show the singular incapacity of hydrogen 
either pure or mixed with air, for receiving and conveying vibrations from 
a bell rung in the gas. The facts elicited by these experiments seem not 
hitherto to have received a satisfactory explanation. 

It occurred to the author of the present paper that they admitted of a 
ready explanation as a consequence of the high velocity of propagation of 
sound in hydrogen gas operating in a peculiar way. When a body is 
slowly moved to and fro in any gas, the gas behaves almost exactly like an 
incompressible fluid, and there is merely a local reciprocating motion of the 
gas from the anterior to the posterior region, and back again in the oppo- 
site phase of the body’s motion, in which the region that had been ante- 
rior becomes posterior. If the rate of alternation of the body’s motion be 
taken greater and greater, or, in other words, the periodic time less and 
less, the condensation and rarefaction of the gas, which in the first 
instance was utterly insensible, presently becomes sensible, and sound- 
waves (or waves of the same nature in case the periodic time be beyond 
the limits of audibility) are produced, and exist along with the local reci- 
procating flow. As the periodic time is diminished, more and more of the 
encroachment of the vibrating body on the gas goes to produce a true 
sound-wave, less and less a mere local reciprocating flow. For a given 
pericdic time, and given size, form, and mode of vibration of the vibrating 
body, the gas behaves so much the more nearly like an incompressible fluid 
as the velocity of propagation of sound in it is greater; and on this 
account the intensity of the sonorous vibrations excited in air as compared 
with hydrogen may be vastly greater than corresponds merely with the dif- 
ference of density of the two gases. 

It is only for a few simple geometrical forms of the vibrating body that 

the solution of the problem of determining the motion produced in the gas 
ean actually be effected. The author has given the solution in the two 
cases of a vibrating sphere and of an infinite cylinder, the motion in the 
latter case being supposed to take place in two dimensions. The former 
is taken as the representative of a bell; the latter is applied to the case of 
a vibrating string or wire. In the case of the sphere, the numerical results 
amply establish the adequacy of the cause here considered to account for 
‘the results obtained by Leslie. In the case of the cylinder they give an 
exalted idea of the necessity of sounding-boards in stringed instruments ; 
and the theory is further applied to the explanation of one or two inter- 
esting phenomena. 
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XV. “An Account of certain Experiments, on Aneroid Baro- 
meters, made at Kew Observatory, at the expense of the 
Meteorological Committee.” By B. Stswarr. Communi- 
cated by the Meteorological Committee. Received June 3, 
1868. 


In judging of the value of an instrument, such as an aneroid, it is not 
the mere extent of difference between its indications and those of a standard 


barometer that ought to guide us; but it is rather the constancy of its 
indications under the various circumstances to which it may be sabes, 


that determines its value. 

An aneroid may differ from a standard barometer at the ordinary 
pressure, and to a greater extent at other pressures ; but provided these dif- 
ferences can be well ascertained and remain constant, such an instrument 
ought to be regarded as valuable, just as much as a chronometer of known 
constancy, but of which the rate is wrong. 

The circumstances which may be supposed to affect the indications of an 
aneroid may be classed under three heads, namely :— 

(1) Time. 
(2) Temperature. 
(3) Sudden variations of pressure. 


(1) Time.—Of the influence of time, I am not able to say much; Captain 
Henry Toynbee has allowed me to examine the various readings of an 
aneroid, which he carried about with him for many years in his voyages, 
and constantly compared with a standard barometer. 

This aneroid (which I shall call No. 1) was between 4 and 5 inches in 
diameter, and was compensated for temperature. 

In July 1860, as compared with a standard barometer, it read 0-025 in. 
too low. In September 1862 it read (at the same temperature) about 
0°012 in. too low; while in March 1864 (still at the same cemperatuny) 
it read about 0° 020; in. too low. 

This instrument, which was well cared for, and which, being used chiefly 
on the surface of the ocean, was subjected neither to a very great nor toa 
very sudden change of pressure, must be allowed to have retained its cha- 
racter with great constancy. 

This is the only definite information regarding the effect of time on these 
instruments which I have received. ~ 
(2) Temperature.—A good aneroid is generally compensated byits maker 

for the effects of temperature, and the question to be investigated is, to‘what 
extent such compensations are trustworthy. I record the results (obtained 
at the Kew Observatory) of subjecting six aneroids, each 43 inches in 
diameter, made by two different makers, to a very considerable range of 
temperature. 
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Correction at 


No. of 

Baste we | AMAA 

ment. Be Hon Pea gocenen| OS hs | ToOo ky 
2 SOS ly a ee eo | EAS gis 
3. —'055 | —‘ogo | —*095 | —'o95 | —‘IO0 
4 —'095 —'o9s —'095 | —‘o80 | —‘o60 
5. —"FOO —'r106 —‘Iil —'III —‘IIr 
6 —ror | —‘rrz | —‘irzr | —‘r0o6 | —*106 
ve —-o61 | —‘o61 | —*o61 | —*ob6r —'031 


These results are, on the whole, very satisfactory, and appear to show 
that a well-made compensated instrument has its indications comparatively 
little affected by a very considerable temperature change. 

It ought always to be borne in mind that an aneroid is not capable of 
being read to the same accuracy as a standard barometer, and that the 
sia Of an inch is a very small quantity. These temperature experi- 
ments were made at the ordinary atmospheric pressure. 

I am unable to say what effect a change of temperature would have at a 
diminished pressure. 

(3) Sudden changes of pressure.—A preliminary investigation, made at 
the request of Mr. De La Rue, into the behaviour of an aneroid belonging 
to the Italian Government, seemed to show considerable error at low pres- 
sures. For the purpose of investigating the influence of sudden changes 
of pressure upon the indications of aneroids, I then applied to some of the 
best known makers of these instruments, for the loan of several, and 
through their courtesy in lending me a sufficient number, and for a suf- 
ficiently long time, I have been enabled to investigate this influence at some 
length. 

In the following experiments, the instruments were, to begin with, sus- 
pended vertically, at the usual atmospheric pressure. ‘They were tapped 
before being read. The pressure was then lowered an inch, and the in- 
strument allowed to remain ten minutes at this pressure before being read, 
after having again been well tapped. _ 

The pressure was thus reduced an inch every time, being allowed to 
remain ten minutes at each stage; the instrument was always well tapped 
before being read, by means of an arrangement contrived for this purpose 
by Mr. R. Beckley. The exhaustion was carried downwards to 19 inches 
in the case of those instruments in which the scale was sufficiently great, 
and the instrument was allowed to remain an hour and a half at its 
lowest pressure ; the air was then admitted an inch at a time, the previous 
arrangement as to time and tapping being followed, 
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If now we separate the results of Table II. into two sets, one comprising 
large (4 to 44 inch) aneroids and the other small instruments, we shall 
find the mean down correction for large aneroids to be as follows. 


29 in.| 28 in.| 27 in.| 26 in.) 25 in. 
Mean correction for 
largeaneroids, gra- iL 
duated to 19 in. ..| *00 "00 | +02 |-+°03 |-+'04 | 04 
DAMM te ec cscve) e's ‘oo |—‘o2 4-02 +:'03 |+'04 Tee +10 


24.in.| 23 in.| 22 in.| 21in./ 20 In./ Ig in. 


— | ——_—___ 


+°07 |- 11 |+°14 |-+'19 |4+-25 


In like manner we shall find for small aneroids, supposed right at 29 inches, 


the following mean correction :— 


251n. 


29 in.| 28 in.| 27 in.| 26 in. 


Mean correction for 
smallaneroids,gra- 
duated torgin. . 


‘oo |+°oI oz +03 |-+'07 


"oo |+°03|)+°07 Srole 


ZG a: ak cpotate oe 


241n.| 23 in. 


1°07 |r'09 
+16 |+°20 |+°27 


22 in. 


+4 


N 


21 1N./ 20 1n.| Ig in. 


+17 |-+'23|-+:25 


It will be seen that there are two instances in which the same imstru- 


ment has been twice experimented on. 


Assuming that the mean of the 


two experiments represents the true correction for each of these instru- 


ments, we find :— 


29 In. | 28 in.| 27 In.} 26 in.| 25 in. 


No. 8. 
Mean correction, 

deduced from two 

experiments .... 


—‘or |+02 |+*02 |+ 06 


“OO 


Mean minus first 


700 «|-+°or |-+°02 |-+02 |+ "02 


determination .. 


In like manner :-— 


29 in. |28.in.| 27 in,| 26 in.) 25 in 
No. 9. 
Mean of two ex- 
periments. ..;... ‘00 ~|+-o1 |+'02 |-+4°03 |-+°02 
Mean minus first ? 
determination ..| ‘oo |-++or |-+-o2 |+4-02|+'03 


—! 


+03 


.|. 24.10. 


—_—_—_——-- 


+02 


+11 


+-o1 


23 in.| 22 in, 


++03 |-+:06 


ofS) |} =O) 


23 10.| 22 in-| 21 m.| 20 In.) Tg 10. 


4°15 | +18 |+-23|+-30 


21 in.|20 in. 


ers |-f15 


—*02 |—"03 


+:o1|+'ol |}+o1 |+'02 


== 102, 


We see from these results that if aneroids, right to begin with, be sub- 
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jected to a decrease of pressure similar to that to which they were subjected 
in these experiments— 

(1) That a well-constructed large aneroid will not go far wrong down 
to 24 inches, but after that pressure its reading will be considerably lower 
than that of a standard barometer, so that a large positive correction will 
have to be applied. ne 

(2) That small aneroids are less trustworthy than large ones, and pro- 
bably cannot be trusted below 26 inches. 

(3) That if previous experiments are made upon an aneroid, we are 
enabled by this means to obtain a table of corrections which, when applied 
to future observations with the same instrument, will most probably pre- 
sent us with a much better result than had we not verified our instrument 
at all, and that by this means we may use our instrument down to 19 
inches with very good results. 

Let us now consider the up readings of these instruments, and let us 
suppose that each instrument is right to begin with, that is to say, while 
remaining an hour and a half at its lowest reading. 

These corrections and up readings are exhibited in the following 
Table :-— 


Tasze III. 
Wat Correction for the up readings of the aneroids of Table I. supposed right 
ae with standard at lowest reading. 
roid 


RO eZ Onn eaten lezen ogee lant le ome to Oc! |e 2 Os zOrn llgOs 


S$. | 700 |-+-°03 |+-°03 |-4°05 |-+'05 | +02 | or |-—-"03 |—"04 |— "08 |—"11 |—"18 
9» | eo ‘|4--05 |---06 |-- “06 |--*04 |---06 |---06 |---05 |-}-"05 |-- ox | — “02 |—"02 
8. | 700 |+'02|+'01| ‘oo |-+*02 |—‘or |—*03 |—*06 |—"1z |—"15 |= "16 |—"19 
9. 700 |+°03 |-+°03 |— ‘or |-++°01 |+-°02 |-+02/+'04] ‘00 |—*03|—‘06 |—'06 


10. ole) "00 | +°03 |+'04 |-+'03 |-+°07 |-+'05 | +°02 "00 |—'05 |—"08 |—"11 
11, | 00 |—-"04]—‘02| *00|—*'03|—"o5 |—"08 |—"11 |—"14.|—"13 |—"16 |—"14.| 
12. | ‘00 |-+ "or |—‘02|—‘o2z |—"11 | —*12 |—"12 |—"14 |—"21 |—*20|—"24 |—'26 
13. | ‘00 |+°05 |+'05 |4-°06 |-++°05 |-+°05 |+'05 | +05 [+05 |—"or |—"11 |—"14 
14. ae tae He Ae "00 |-+"09 | -4-°12 |--°r2 [+I |-+°07 | +03 | +02 
B5a fe x eee ey ae "00 |—"o1 |—*06 |—'06 |—°08 |—"o9g |—'06 | —"08 
16, 386 a8 mine ee "00 |-+"02 |+'03| °00|—*03 |—‘04 |—"07 |— ‘06 
ig 340 30 New 510 100 [Oe "02 OA eat | 19) 26 |= -"33 


Hence we find the mean up correction for large aneroids :— 


Ig in.| 201in.| 21 in| 22 in.| 23 in.| 24 1n,| 25 in.| 26 in,| 27 in.| 28 in.| 29 in| 30 in. 


eer SS 


Supposed right at} | 
MG UMwie aioe sie nh "00 |+'03 |-+'03 |-+'03 |-+'03 |--'02 |-+°o1 |. *00 |—*03 |—'06 |—"08 |—"11 


aa aa at ate ys 
fp) Aa dtc je od fs a "00 | +'04 |-+'03 |-+'03 | 01 |—"o1 |—‘o2 |—"03 


478 Mr. B. Stewart on certain Experiments [June 18, 


Tn like manner for small aneroids we have the following result :— 
| 


Ig in,| 20 in.| 21 in,| 22 in.| 23 in.| 24 in.} 25 in.| 26 in.| 27 in.| 28 in.| 29 in,| 30 in. 


Right at gin. ..] ‘oo | ‘00 |+"or |-++*°02 |—‘or |—‘or |—*02 |—‘o4 |—"07 |—"10 |—"15§ |—"16 


Right at 23 in. ../ .. ale be oa "00 |+"o01| ‘00 |—-02 |—*07 |—"11 |—"12 |—"19 


As before, there are two instances in which the same instrument was 
twice tried ; assuming the mean of the two trials to represent the truth, we 


find— 


Ig in.| 20 in.) 21 in,| 22 in.| 23 in.| 24.1n.) 25 in.| 26 in./ 27 in.| 28 in.| 29 in.| 30 in. 


a me | | ee 


————— | — 
4 


No. 8. 
Mean correction..| ‘oo |+*o2 |+°’02|-+'02/ -+-°03| ‘oo |—‘or |—*04 |—*07 |—"11 |—"12 |—"18 


Mean minus first 
determination ..| ‘oo |—-‘or}—*o1 |/—‘03 |—‘o2 |—‘02 |—‘o2 |—‘o1 |—"03 |—'03|—"or| ‘oo 


In like manner— 


19 in.| 20 in.| 21 in.| 22 in.| 23 in. 24 in| 25 in.| 26 in.| 27 in.| 28 in.| 29 1n.| 30 in. 


No. 9. 
Mean correction..| ‘oo |+'04|+:04 |-+'03 |+'03 |+°04 | +'04 |+'04 |4+'02 |—"o1 |—"04 |—*04 


Mean minus first 
determination ..| ‘oo |—‘oI |—‘o2 |—‘o3 |—‘o1 |—*o2 |—‘o2 |—-o1 |—*03 |—*o2 |—‘o2 |— "02 


We may learn from these results that if aneroids which have been sub- 
jected for at least one hour and a half to the lowest pressures which they 
register, have the pressure increased by means of the gradual introduction 
of air into the receiver, after the manner already described. 

(1) That a well-constructed large aneroid will not go far be’ for 
about 8 inches above the lowest pressure. 

(2) That in this respect small aneroids are somewhat less trust- 
worthy than large ones. 

(3) That if the instrument read be previously fected and its cor- 
rections ascertained, we may consider it trustworthy (making use of 
these corrections) for up readings throughout a greater range than if 
it had not been so tested. © 

I come now to consider whether a rapid change of pressure affects an 
aneroid after the experiment has been completed. 


The following Table will exibit the results obtained in this direction. 
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TaBLe IV. 
st Ex.|1st Uxland Ex, 2nd Ex. 
8. 9. 8. 9- 10. II. 12. 13. 14. 16. 

Correction before 

experiment ....| —‘10 | —‘12 | —*13 | —‘og | —‘12 | —*11 | —*13 | —°47 | —*04 | —*05 
Immediately after : 

experiment ....| ‘oo | +°03 | +°06 | +°07 | +°06 | —‘03 "oo | —"19 | +'06 | +04 
18 hours after ex- 

periment ...... —'07 | —'03 | +°04 | +'02 .. | —'ro | —'07 | —°34 | +o | +-or 
48 hours after ex- 

perument) 23.. 4. —'o08 | —'04 ote wert | 03 or os —'37 

3 days after ex- 

periment <..-..| —°o8 | —‘05 ve Ge be ae Se -. 4 —*Or | —‘Or 
3 weeks after ex- 

Peritiewtee. ¢7-<|—.13 | “10 | + Fe | =a oe «+4 —*07 | —‘06 


It thus appears that if an instrument reads correctly before it is put into 
the receiver it will read too low immediately afterwards, and that it may 
be some considerable time before it recovers its previous reading. The 
instrument cannot, therefore, be safely trusted for absolute determinations 
if it has been recently exposed to rapid changes of pressure. 

The experiments hitherto recorded, in which an inch of pressure has been 
taken away or added every ten minutes, are perhaps analogous to ascents 
in a balloon, or descents from a mountain; they are not, however, pre- 
cisely analogous to mountain ascents, since a longer time than 10 minutes 
is usually taken to produce a change of pressure equal to 1 inch. 

At the suggestion of Mr. Charles Brooke, a couple of aneroids were 
tested in April 1868, with the view of rendering the experiment more 
analogous to a mountain ascent. 

_ The pressure was reduced by half an inch at a time and at intervals of 
30 minutes, the aneroids being well tapped. 

The following corrections were obtained for down readings (instruments 

supposed right at 30 inches). 


TABLE V. 
At No: 3. |sNozg: At Now3. |) Noo g. 
inches. inches. 

30 "00 *0O 235 +'08 —‘02 
29'5 "00 Og 23 + "II ———Og 
29 "00 —"O4 22°5 stakes Ol 
23°5 *00 —'03 22 +:14 "00 
28 "00 =O 21°5 +°16 +02 
27°5 ele) —"oO2 21 +°17 +°04 
27 Res Soscte 20°5 +'20 +:06 
26°5 "00 "ee 20 +:22 +°07 
26 +°o1 —‘o2 19°5 =f 525 +09 
25°5 +04 8%, 19 ae aii 
25 LOS ee OAuen| 

24°5 +:'06 —"02 

24. O05 —'ol 
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These results, when compared with the previous determinations for 
these same instruments, would seem to show that a somewhat better result 
is obtained when the exhaustion is carried on more slowly, and hence that 
the corrections depend, to a considerable extent, on the nature of the treat- 
ment received. No. 8 seems to be more constant under distetent treatment 
than No. 9. ; 

From all these ea we may perhaps conclude as follows :-— 

(1) A good aneroid of large size may be corrected for temperature by 
an optician, so that the residual correction shall be very small. 

(2 a) If an aneroid correct, to commence with, be used for a balloon or 
Rain > ascent, if will be tolerably correct for a decrease of about 6 inches 
of pressure. 

(2 8) A large aneroid is more likely to be‘correct than a small one. 

(2 y) The range of correctness of an instrument used for mountain 
ascents may be increased by a previous verification, a table of corrections 
being thus obtained. 

(3a) If an aneroid have remained some time at the top of a mountain, 
and be supposed correct to start with, then it will give good results for 
about 8 inches of increase of pressure. 

(3 6) A large aneroid is more likely to be correct than a small one. 

(3 y) If the aneroid has been previously verified, it is likely to cae a 
better result. : 

(4) After being subjected to sudden changes of pressure the zero of an 
aneroid gradually changes, so that under such circumstances it ought only 
to be used as a differential and not as an absolute instrument, that is to 
say, used to determine the distance ascended, making it correct to begin 
with, or to ascertain the distance descended, making it correct to begin 
with, it being understood that the instrument ought to be quiescent for 
some time before the change of pressure is made. 

Before concluding I aupht to mention that most of the experiments 


herein described were undertaken and executed in a very careful manner by 
Mr. T. W. Baker. 


XVI. “Contributions to Terrestrial Magnetism, No. XI.” By 
General Sasine, R.A., P.R.S., &c. Received June 18, 1868. 


( Abstract.) 


This number of the Contributions of Terrestrial Magnetism contains the 
completion of the Magnetical Survey of the South Polar Regions, under- 
taken by Her Majesty’s Government in 1840-1845 at the joint imstance 
of the Royal Society and the British Association for the Advancement of 
Science. The observations themselves, and their provisional discussion, 
have already been given in the previous numbers, V., VI., VIII, and X. 
of the Contributions. The present number contains a general review of 
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the whole survey, and is accompanied by three maps, which have been 
prepared, with the permission of the Hydrographer, Captain Richards, 
R.N., F.R.S., under the careful superintendence of the Assistant Hydro- 
grapher, Captain Frederick John Evans, R.N., F.R.S., one map being 
allotted to each of the three magnetic elements, viz. the Declination, In- 
clination, and Intensity of the Magnetic Force. In these maps the Isogo- 
nic, Isoclinal, and Isodynamic lines have been drawn, by the author of the 
paper, conformably with the observations around the circumference of the 
globe between the parallel of 30° 8. and the South Pole. The paper also 
contains Tables, prepared with a view to the revision of the calculations of 
Gauss’s ‘ Allgemeine Theorie des Erdmagnetismus.’ They give the values of 
each of the three magnetic elements at the intersections of every fifth de- 
gree of latitude between 40° of south latitude and the South Pole, and 
every tenth degree of longitude between 0 and 360°. 


“On the Spectrum of Comet II., 1868.” By Witn1am Hueeins, 
F.R.S. Received July 2, 1868. 


(Abstract. ) 


The author describes the appearance of the comet in the telescope on 
June 22 to consist of a nearly circular coma, which became rather suddenly 
brighter towards the centre, where there was a nearly round spot of light. 
A tail was traced for nearly a degree. 

He found the light of the comet, when examined with a spectroscope, 
furnished with two prisms of 60°, to be resolved into three broad bright 
bands. 

The brightest band commences at about 6, and extends nearly to F. 
Another band begins at a distance beyond F, rather greater than half the 
interval between 6 and F. The third band occurs about midway between 
D and E. In the two more refrangible of these bands the light was brightest 
at the less refrangible end, and gradually diminished towards the other 
limit of the bands. The least refrangible of the three bands did not exhi- 
bit a similar gradation of brightness. 

These end could not e resolved into lines, nor was any light seen 
beyond the bands towards the violet and the red. 

The measures of these bands are given, and a diagram of their appear- 
ance. 

The author found this cometic spectrum to agree exactly with a form of 
the spectrum of carbon which he had observed and measured in 1864. 
When an induction spark, with Leyden jars intercalated, is taken ina 
current of olefiant gas, the highly heated vapour of carbon exhibits a spec- 
trum which is somewhat modified from that which may be regarded as 
typical of carbon. The light is of the same refrangibilities, but the sepa- 
rate strong lines are not to be distinguished. The shading, composed of 
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numerous fine lines, which accompanies the lines appears as an uuresolved 
nebulous light. 

On June 23 the spectrum of the comet was compared directly in the 
spectroscope with the spectrum of the induction spark taken in a current 
of olefiant gas. ; 

The three bands of the comet appeared to coincide with the correspond- 
ing bands of the spectrum of carbon. In addition to an apparent identity 
of position, the bands in the two spectra were very similar in their general 
characters and in their relative brightness. 

These observations were confirmed on June 25. 

The remarkably close resemblance of the spectrum of the comet with 
that of the spectrum of carbon, necessarily suggests the identity of the sub- 
stances by which in both cases the light was emitted. 

The great fixity of carbon seems, indeed, to raise some difficulty in the 
way of accepting the apparently obvious inference from these prismatic 
observations. Some comets have approached sufficiently near the sun to 
acquire a temperature high enough to convert even carbon into vapour. 

In the case of other comets, the author suggests that the difficulty is one 
of degree only, for the conditions are not known under which even a gas 
permanent at the temperature of the earth could maintain sufficient heat 
to emit light. 

The author states that some phosphorescent substances give spectra 
which are discontinuous, but he gives reasons which would scarcely permit 
us to consider cometary light to be of a phosphorescent character. 

The spectrum shows that the colour of this comet was bluish green. 
Considerable difference of colour has been remarked in the parts of some 
comets. Sir William Herschel described the head of the comet of 1811 
to be of a greenish or bluish-green colour, while the central point appeared 
of a ruddy tint. The same colours have been observed in other comets. 
If carbon be the substance of some comets, this substance, if incandescent 
in the solid state, or reflecting, when in a condition of minute division, the 
light of the sun, would afford a light which, in comparison with that emitted 
by the luminous vapour of carbon, would appear yellowish or approaching 
to red. 

The author refers to the bearing of these results on certain cometary 
phenomena, and on the apparent identity of the orbits of the periodical 
meteors with those of some comets. 
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XVII. “ Variations in Human Myology observed during the Winter 
Session of 1867-68 at King’s College, London.” By Joun 
Woop, F.R.C.S., Examiner in Anatomy to the University of 
London. Communicated by Dr. SaHarrry. Received June 10, 
1868. 


On giving the results of our observations in this branch of scientific 
inquiry, my thanks are again due to the zeal and increased experience of 
my assistants in the dissecting-rooms, and especially to Mr. J. B. Perrin, 
by whose constant labour and vigilance my work has been most materially 
aided. Of the 36 subjects dissected, not one has been found totally 
wanting in departures from the standard descriptions of the muscular 
system given in anatomical text-books. Some of the more common varia- 
tions, which are usually mentioned by our best authors, have been included 
this year with a view of determining their relative frequency. Others 
have been comprised which seem to show the first evidences of a tendeney 
to the more complete and striking abnormal forms. 

These I have deemed of much importance in throwing light upon 
the origin of the more complete variations. Many of them have been 
found so often as materially to add to the total number of abnormali- 
ties in the Table, and also to the labour of searching out and classifying 
them. 

With few exceptions, the lines of variation have been found in the 
same grooves as in former sessions, as will be seen by comparing the Tables. 
Our observations have still been confined to the muscles of the head and 
neck, arms and legs, not noting those of the face, back, or abdomen, 
except in the case of unusual eccentricity of formation. All the more 
important formations have been sketched by myself from the subject ; and 
the greater part of those which have been simply noted have also been 
previously examined by me. The proportion of the two sexes happens 
this year to have been exactly equal, giving us a fair opportunity of com- 
paring the proportionate frequency of muscular abnormalities in each. 
for the sake of greater convenience of reference, they have been placed 
separately in the Table. 

In the 36 subjects, 18 males and 18 females, we have the large number 
of 558 muscular variations, of which 20 were found in the head and neck 
proper, 390 in the arms (including those lying in the neck which act upon 
the upper extremity), and 148 in the legs. But although the absolute 
number of specimens found is so much greater than in former years, the 
lines of variation are not proportionably increased, amounting to 72 as 
compared with 61 of last year. Of these 13 were found in the head- and 
neck-muscles proper, 37 in the arm, and 22 in the leg—the greatest 
increase being in the arm. 

In the first section of the accompanying Table will be found 20 speci- 
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XVII. “ Variations in Human Myology observed durmg the Winter 
Session of 1867-68 at King’s College, London.” By Joun 
Woop, F.R.C.S., Examiner in Anatomy to the University of 
London. Communicated by Dr. SHarvsy. Received June 10, 
1868. | 


On giving the results of our observations in this branch of scientific 
inquiry, my thanks are again due to the zeal and increased experience of 
my assistants in the dissecting-rooms, and especially to Mr. J. B. Perrin, 
by whose constant labour and vigilance my work has been most materially 
aided. Of the 36 subjects dissected, not one has been found totally 
wanting in departures from the standard descriptions of the muscular 
system given in anatomical text-books. Some of the more common varia- 
tions, which are usually mentioned by our best authors, have been included 
this year with a view of determining their relative frequency. Others 
have been comprised which seem to show the first evidences of a tendency 
to the more complete and striking abnormal forms. 

These I have deemed of much importance in throwing light upon 
the origin of the more complete variations. Many of them have been 
found so often as materially to add to the total number of abnormali- 
ties in the Table, and also to the labour of searching out and classifying 
them. 

With few exceptions, the lines of variation have been found in the 
same grooves as in former sessions, as will be seen by comparing the Tables. 
Our observations have still been confined to the muscles of the head and 
neck, arms and legs, not noting those of the face, back, or abdomen, 
except in the case of unusual eccentricity of formation. All the more 
important formations have been sketched by myself from the subject ; and 
the greater part of those which have been simply noted have also been 
previously examined by me. The proportion of the two sexes happens 
this year to have been exactly equal, giving us a fair opportunity of com- 
paring the proportionate frequency of muscular abnormalities in each. 
For the sake of greater convenience of reference, they have been placed 
separately in the Table. 

In the 36 subjects, 18 males and 18 Ponce we have the large number 
of 558 muscular variations, of which 20 were found in the head and neck 
proper, 390 in the arms (including those lying in the neck which act upon 
the upper extremity), and 148 in the legs. But although the absolute 
number of specimens found is so much greater than in former years, the 
lines of variation are not proportionably increased, amounting to 72 as 
compared with 61 of last year. Of these 13 were found in the head- and 
neck-muscles proper, 37 in the arm, and 22 in the leg—the greatest 
increase being in the arm. 

In the first section of the accompanying Table will be found 20 speci- 
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mens affecting 13 muscles proper to the head and neck, and 40 others 
affecting 6 muscles which, acting upon the clavicle or scapula, are num- 
bered with the muscles of the upper extremity, viz. the cleido-occipital, 
sterno-cleido-mastoid, omohyoid, trapezius, levator anguli sepa and 
aes claviculee. 

. Cleido-occipital (Cephalo-humeral of the lower animals).—Of this 
ne 8 specimens have been found in the male subjects, all on both 
sides—and 6 in the females, two of which were on the left side only. On 
the left side of No. 3, male, and on both sides of No. 7, male, the curious - 
and interesting arrangement was found which is drawn from the former 
subject in fig. 1. A slip of parallel muscular fibres, three-fourths of an 
inch wide (a), arising from the sternal 
‘end of the clavicle, close outside of 
“and in connexion with the sternal 
origin of the sterno-mastoid, crossed 
superficially and obliquely the cleido- 
mastoid (4) (which was split into 
two parts) to join the cleido-occipi- 
tal (c) about its middle. The more 
-usual clavicular attachment of the 
latter muscle was broad, and connected 
with the centre of the clavicle directly 
over the posterior triangle, reaching 
from the origin of the cleido-mastoid 
-as far out as the clavicular attachment 
of the trapezius (d). This arrange- 
ment gives a very complex appearance 
to the whole group of muscles, and 
strikingly resembles the formation in 
the Marmot, Polecat, Genette, and 
striped Hyzena, and, to a less extent, 
in the Coati. In these animals the ce- 
phalo-humeral is only connected with 
the trapezius close up to the occiput. Towards the clavicle it is con- 
tinued forward, superficial to the cleido-mastoid, and joins wholly or by 
a separate slip with the sterno-mastoid (see Cuvier and Laurillard’s plates). 
This resemblance to the cephalo-humeral of these animals tends strongly to 
confirm the view of the homology of the cleido-occipital in Man, given by 
the author in former papers. On the right side of the subject No. 3, 
the cleido-occipital was large, but presented no slip of connexion with the 
sterno-mastoid ; but it was found on both sides of No. 7. A tendency to 
this formation was seen also in subject No. 21 of last year’s Table. 

In No. 13 the cleido-occipital was double, and distinct from both the 
cleido-mastoid and trapezius along its whole length. This homologue of 
the cephalo-humeral of animals was found distinct and very well marked 


Fig. 1 (Subject No. 3): 4) 
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by Murie in his dissection of a Bushwoman (Journal of Anatomy and 
Physiology, No. 2, May 1867, p. 198). 

2. Sterno-cleido-mastoid.—In 4 male and 3 female subjects out of the 
36, the clavicular origin of this muscle was double, or divided into two 
portions. In all but one of these the cleido-occipital was also present. 

3. Omohyoid.—In 2 male and 2 female subjects the posterior belly 
presented an additional or clavicular origin. Three were found on the 
left side only, and one on the right only. On the opposite side of one 
male (No. 15), a muscular slip arising from the middle of the clavicle 
(quasi-clavicular origin of the omohyoid) passed upwards and inwards to 
join the sterno-thyrotd at its insertion, the omohyoid itself on that side 
being normal, with the exception of having no median tendon. In No. 9 
the omohyoid, otherwise normal, passed through an opening between the 
normal origin of the sterno-thyroid and an abnormal slip to that muscle 
from the clavicle, at the junction of its middle and outer thirds. In No. 13 
also, the median tendon of the omohyoid was wanting, a continuity of 
muscular fibre passing from its origin to its insertion. ‘This is always the 
case in Monkeys and the lower mammalia. In a male subject (No. 2) the 
anterior belly was double, the superior one fusing with the hyoglossus and 
middle constrictor muscles, and receiving, moreover, a slip from the middle 
of the sterno-thyroid (see fig. 2h). 

Out of 70 subjects now examined by the author with a view to the abnor- 
malities of the omohyoid muscle, viz. 40 males and 30 females, the anterior 
belly has been found double in 4 males, in two on both sides, and in two on the 
right side only. In one male it was ériple on both sides. A clavicular origin 
of the posterior belly has been found in 2 males on the left side only ; and in 
3 females, of which 1 was on both sides, 1 on the right, and 1 on the left side 
only. The median tendon has been found absent in 2 males, in 1 on the right, 
and in the other on the left side only. Thus in 12 out of 70 subjects some 
irregularity existed in this muscle—a proportion greater than that found 
by Professor Turner in 373 subjects, viz. 5 or 6 per cent. (Irregularities 
of the Omohyoid, p. 2). A clavicular origin of the posterior belly was 
found in 5 subjects out of the 70, or about 7 per cent. ‘Turner found it 
in 17 out of 373 subjects, ¢.e. rather more than 4 per cent. In 5 out of 
70 subjects (also about 7 per cent.) the anterior belly was found doudle or 
triple. ‘Turner does not mention this abnormality, but found the anterior 
belly blended with the sterno-hyoid in 4 out of the 373 cases. 

4. Digastric.—In 3 subjects, 2 male (Nos. 13 & 16) and 1 female 
(No. 34), the anterior belly of this muscle was double, in the males on 
both sides, and in the female on the left side only. In No. 13 the super- 
numerary head decussated across the median line with its opposite fellow. 
This variety has been before recorded by Fleischmann (Anat. Wahrnehm. 
in Erlang. Abhand. Bd. i. 8. 26 & 27, Taf. i. fig. i. 1810), and subsequently 
by Gantzer (Dissert. Anat. Muse. varietatis sistens. 1813), Scemmerring, 
Theile, and Henle. 
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In 102 subjects examined by the author, the anterior belly of this 
muscle has been found double in 5 out of 68 males, of which in 2 the 
supernumerary belly decussated with its fellow across the median line. 
Out of 34 females it was found double once only on the left side. 

In the Norway Rat (Mus decumanus), the anterior bellies of the di- 
gastric are completely blended together, arising without any median fissure 
from an arched tendinous structure connecting the two median tendons. 
They are also united in the Cercopithecus sabeus, according to Rudolphi 
(Heusinger’s Zeitschrift, Bd. iii. S. 335), and blended so as completely to 
cover the mylo-hyoids in Oallithrix and Papio Mormon (Cuvier and Lauril- 
lard’s plates). More or less so they are found in the ruminants. 

In the male subject No. 2, a combination of curious varieties led to 
the sketch of the adjoining figure (fig. 2), taken by the author from the 
dissected parts. The posterior 
belly of the digastric (a) appeared Fig. 2 (Subject No. 2). 
at first sight to be a triple muscle. 
The two anterior muscular slips 
(6 & c), which were implanted upon 
the median tendon, one behind the 
hyoid pulley with the true poste- 
rior belly, and the other in front of 
it and nearer to the anterior belly 
(d), were found on closer exami- 
nation to arise from the styloid 
process, the hinder one (6) from 
the usual] site of origin of the stylo- 
hyoid muscle, and the front one 
(c) from the tip of the process with 
the stylo-glossus. Each of these, 
therefore, represents the two halves 
of a completely split or divided stylo- 
hyoid, which, instead of uniting to 
be inserted into the side of the hyoid bone, are implanted separately upon 
the tendon of the digastric. Coexistent with this were two other abnor- 
malities which may most conveniently be described here. One was a 
curious well-developed muscular slip, found only on the left side, arismg 
as a muscle one-sixth of an inch wide (e), from the lower genial tubercle 
of the mandible outside the genio-hyoid muscle (g). Thence passing 
upward and backward over the genio-hyo-glossus and hyo-glossus muscles, 
it finally united its fibres with those of the stylo-glossus (f) at their 
insertion into the outer and back part of the tongue. This muscle, which 
the author has never before met with nor found recorded, is totally 
different from the mylo-glossus described in his last paper. It also differs 
from that mentioned under this name by Bohmer (Obs. Anat. rar. preefat. 
vill. note 5), as seen by Vesalius, Riolanus, and Spigelius, and considered 
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by Verheyueus, Haller, Douglass, and others to be that part of the 
superior constrictor which is attached to the side of the tongue, and 
which was at first called by Winslow the “ mylo-glossus’’ (Comp. Myo- 
graph. Spec. p. 93). For the sake of distinction the author has given 
the name of genio-glossus to this remarkable slip. 

On the same side of the subject was the bifurcation of the anterior belly 
of the omohyoid before mentioned (4), and also of the sterno-thyroid (2). 
A considerable portion of the posterior fibres of each of these muscles was 
split off; and the two slips, uniting together, were partly inserted into the 
tip of the greater horn of the hyoid bone, but chiefly blended with the 
fibres of the hyo-glossus (4) and middle constrictor (4) muscles. 

5. Trapezius.—In 2 males the fibres of this muscle reached only so far 
dewn the back as the eighth and ninth dorsal spines respectively. (This 
deficiency has been found by the author in 4 males out of 70 subjects, viz. 
40 males and 30 females.) Inone (No. 11) the cervical and dorsal portions 
were completely separate and distinct muscles, one connected with the 
occipital bone and ligamentum nuche, and the other with the dorsal spinous 
processes,—the two joining only at their insertion into the acromion pro- 
cess. Something like this is the normal condition in the Mole, Ornitho- 
rhynchus, and Echidna, and to a less marked extent in the Agouti, according 
to Meckel (Anat. Comp.) and Mivart and Murie (Proceedings of the Zoolo- 
gical Society, June 26, 1866). It has been recorded in the human 
subject by Scemmerring (De Corp. Hum. Fabrica, t. i. 1796), Fleischmann, 
Zagorsky, and Theile. Macalister has also found it (“ Notes on Anomalies 
m Human Anatomy,” in Proc. Royal Irish Academy, April 23rd, 1866, 
pe 21), 

In the female (No. 31) the cervical border of the trapezius was attached 
to the clavicle as far mwards as the origin of the sterno-cleido-mastoid, 
and so covering the posterior triangle entirely. A foramen or tendinous 
arch, placed about the middle of the clavicle, allowed the passage of the 
supraclavicular nerves. This very peculiar formation has been described 
by Maewhinnie (London Med. Gazette, No. 948, January 30th, 1846, 
p- 194), and more recently figured by Gruber, of St. Petersburg (Vier 
Abhandlung. 1847, S. 16,17), by Hallett (Edin. Med. and Surg. Journal, 
1848, No. 174), and by Macalister. The author believes it to be a blend- 
ing or fusion of the cletdo-occipital or cephalo-humeral with the cervical 
border of the trapezius, of the same kind as the more common blending 
of the same muscle with the hinder border of the sterno-cleido-mastoid. 

This view is further supported by the arrangement found in another 
female (No. 35), on the right side of whom the trapezius detached from 
the upper part of its cervical border a considerable muscular slip to be 
inserted into the clavicle, close to the cleido-mastoid. Through a ten- 
dinous arch or opening left between this slip and the lower part of the 
normal clavicular fibres of the trapezius the hinder belly of the omohyoid 
passed, along with the supraclavicular nerves, as before alluded to with 


488 Mr. J. Wood on Variations in Human Myology.. [June 18, 


the abnormalities of that muscle. On this side of the subject no proper 
cleido-occipital was found; but on the other (left) side, this muscle was 
large, well formed, and separate, both from the trapezius and sterno-cleido- 
mastoid. | 

6. Levator anguli scapule.—The variations of this muscle have been 
this year recorded with a view to throw light upon the occasional occur- 
rence in the human subject of the levator eclavicule described by the 
author in former papers. 

In 2 males (Nos. 2 & 6) and 2 females (Nos. 20 & 29) this muscle was 
much divided, forming a distinctly double muscle, one from the two upper, 
and the other from the third and fourth cervical transverse processes. 
Such an arrangement is figured by Cuvier and Laurillard in their plate 7 
of the Anatomy of a Negro. The upper one is there marked as the repre- 
sentative in Man of the “‘ omo-trachélien”’ (levator claviculs) of animals. 

A more perfect homologue of this muscle in the human subject, how- 
ever, has been recorded by Macwhinnie (op. cit. p. 194), and by the 
author in his former papers—arising from the transverse process of the 
atlas, and, in some, as low down as that of the third cervical vertebra, and 
inserted into the middle or outer third of the clavicle. | 

Such a muscle has been noted and described by the author in 5 male 
subjects out of 174 of both sexes in whom it has been carefully looked for. 
Macalister has also found it in a spare female (op. cit.). In No. 5 of the 
subjects noted in column 8 of the Table of the present year, a considera- 
ble and long muscular slip, arising by a tendon from the transverse process 
of the third cervical vertebra, was found lying superficial to the fibres of 
the levator anguli scapulee, and inserted into the fascia placed immediately 
behind the clavicle and covering the axillary surface of the first digitation 
of the serratus magnus muscle. A muscle similar to this was found by 
Dr. Murie in the Bushwoman (op. ci¢.), and was rightly looked upon by 
him as an imperfect levator clavicule, the insertion of which had only just 
failed to reach the clavicle. Kelch records that he saw, in a female subject, 
a triple division of the levator anguli scapulee, the middle part sending off a 
slip to the scapulo-thoracic fascia (Beitrage zur pathologischen Anatomie, 
1813, xxv. S. 33). Rosenmiiller found a slip from the first cervical trans- 
verse process, inserted into the first digitation of the serratus magnus (De 
nonnullis Muse. &c. Leipzig, 1814, S. 5). These were, no doubt, speci- 
mens of the last-mentioned variety. In the male subject (No. 6) the 
levator anguli scapulee was divided into six slips along its whole length, 
arising from the five upper cervical transverse processes, and all inserted 
into the usual place. 

On the left side of a female (No. 20), the subject of fig. 3, a less exten- 
sive division of its fibres was found, combined with a double insertion, and 
a significant fusion of the lower portion with the serratus magnus and the 
rhomboideus minor. This arrangement supports and illustrates the homology 
first pointed out. by Meckel (Archiv, viii. S. 585, and Muskellehre, Bd. 1.8. 
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402) between the levator anguli scapulee of the human subject and the upper 
or cervical part of the serratus magnus as found in the lower animals—an 
homology which was disputed by no less 

an authority than Cuvier. The muscle Ph ey ee 
arose by five digitations from the hinder 
tubercles of the five upper cervical trans- 
verse processes, and by a sixth from the 
fibres and fascia of the transversus colli 
muscle. Those from the three upper 
and part of the fourth digitations (a) are 
inserted into the usual place at the su- 
perior angle of the scapula. The two 
and a half lower digitations are inserted 
as a separate muscle (0) into the verie- 
bral border of the scapula as low down 
as the spine, and are intimately con- 
nected by their deeper surface with the 
fibres of insertion of the serratus mag- 
nus. A muscular slip from its lower 
border is attached at its origin to the 
-transversalis colli, and throngh it to the 
upper cervical transverse processes; at 
its insertion it is blended with that of the 
rhomboideus minor (d). The lower por- 
tion of the muscle may be consideredas = * 

representing the first and second stages of that differentiation and transfer 
of insertion of some of the fibres of the levator anguli to the spine of the 
scapula which, in the omo-trachélien or omo-atlanticus of animals, attains to 
the acromion process, and in the levator clavicule of the Quadrumana and 
-Man reaches, on the same line of departure, to the clavicle. Macwhinnie 
records a slip of the levator anguli inserted into the spine of the scapula 
(op. cit. p. 194), a little further advance in the same direction, in the 
hnman subject. 

In two other male subjects (Nos. 9 & 10), also, the levator anguli scapulee 
was connected by muscular slips with the hinder surface and upper fibres 
of the serratus magnus. In No. 10 it also received a slip from the scalenus 
medius, and in the female (No. 29) from the scalenus posticus of one 
side, and the serratus posticus superior on the other. In No. 34 it gave 
an interdigitating slip to the splenius capitis high up in the neck. 

7. Rhombo-atloid.In 3 male and 2 female subjects was found a 
distinct muscle arising with the fibres of the splenius colli from the trans- 
verse process of the atlas, usually about half an inch wide, and forming a 
muscular band which was placed superficial to the serratus posticus supe- 
rior, and behind the rhomboideus minor, and inserted either into the upper 
fibres of the tendon of origin of the rhomboideus major or into the verte- 
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bral aponeurosis of the serratus posticus superior. In 1 male and the 2 
females it was present on the left side only. One of them was subject 20 
(given in fig. 3), where the abnormal muscle (e) is seen to pass under the 
rhomboideus minor (d), to be inserted into the serratus tendon (f/) under 
the rhomboideus major (g), which is divided in order to show it. In 
subjects 2, 3, and 23 its insertion was entirely into the serratus aponeurosis. 
In Nos. 7 & 20 it was also connected with the spine of the seventh cer- 
vical vertebra. It has been described by Mr. Macalister as the rhombo- 
atloid (op. cit. p. 3, pl. 5. fig. 1,@). In Haller’s ‘ Disputationum Ana- 
tomicarum Selectiorum,’ vol. vi. (1733) p. 589, this muscle is described by 
F. Wellien under the name of the * Museulus singularis splenit accesso- 
rius,” or “ Adjutor splenii.”” 

8. Sundries.—In subject 3 the sterno-thyroid was double—the iteceml 
part arising from the first rib-cartilage and costo-clavicular ligament, and 
joming the normal origin halfway up the neck. This abnormal slip bore 
much resemblance at its origin to the costo-fascialis described by the 
author in his former papers, differing only in its upper termmation in the 
fibres of the sterno-thyroid, instead of the cervical fascia. The origin of 
the sterno-hyoid was placed between the two heads. In No. 4 was a 
muscular slip arising tendinous with the anterior scalenus, and inserted 
fleshy with the medius. In the male (No. 7) and the female (No. 33) well- 
marked specimens of the ‘‘ musculus glandule thyroidee”’ of Scemmerring 
were found. The microscope proved satisfactorily that the structure of 
the formation was really muscular, and not median processes of the thyroid 
gland, as sometimes is the case. The slips appeared to be offsets from the 
inner fibres of the thyro-hyoid muscle, which had become attached to the 
gland-capsule. In the female (No. 26) the thyro-hyoid was divided into 
two distinct muscles, the inner one being the smaller, showing a tendency 
to the formation of the levator thyroidee. In No. 9 the right sterno- 
thyroid was joined by a clavicular slip, round which the tendon of the omo- 
hyoid, as before described, played as through a pulley ; on the other side the 
same muscle received aslip from the sterno-hyoid. The two sterno-thyroids 
also decussated across the median line by a considerable porticn of their inner 
fibres. This arrangement is found in the Squirrel and some other Rodents. 
In No. 8 was a cephalo-pharyngeus muscle having the somewhat uausual 
- origin from the spine of the sphenoid and spheno-maxillary ligament. At 
its insertion it blended with the lower fibres of the middle constrictor. 

In the male (No. 11) and the female (No. 19) were found examples of the 
sternalis brutorum muscle. In both it was present on the right side only, 
and well developed. In the male it arose tendinous from the tendon of 
the sterno-mastoid, from the manubrium sterni 17 inch below its upper 
border, and from the fascia covering the pectoralis major muscle 2 inches 
below the clavicle. Its whole length was 34 inches, and it ended below 
in a fleshy radiating way upon the fascia covering the sheath of the rectus 
and external oblique. In the female it arose tendinous from the manu- 
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brium sterni opposite the second rib, and had no connexion with the sterno- 
mastoid. It formed a slender muscular belly, 4} inches long by ¢ of an 
inch wide, and ended upon the sheath of the rectus opposite the sixth rib- 
cartilage. 

_ This muscle has been found by the author in 7 out of 175 subjects, 
in which it has been carefully looked for. This is 4 per cent. Five 
of the instances were in males, and 2 in females. In the males it was 
found, in 1 on both sides, in 3 on the right side, and in 1 on the left side 
only. In the females it was found in both instances on the right side only. 

Professor Turner fixes the frequency of its occurrence, from observations 
upon 650 subjects, at about 4 per cent. He found it 9 times on both 
sides, 5 times on the right, and twice on the left side only ; while in 5 
more it was single, and crossed the median line (Journ. of Anat. and Phys. 
No. 2. May 1867, pp. 247, 248). Professor W. Gruber found it in 5 out 
of 95 subjects, in 3 on both sides, once on the right, and once on the left 
side only (Mem. de |’Acad. Imp. de St. Pétersbourg, L. ii. 1860). 

Thirty-two columns of the Table are occupied by the remaining muscles 
of the Arm. ‘This is six more than those of last year; the additional /znes 
of variation being made up by the sterno-scapular, anconeus epitro- 
chlearis, extensor carpi intermedius, ext. pollicis et indicis, and ext. medit 
digiti (which have been found so frequently as to require separation from 
the muscles with which they are most closely connected), and the pronator 
radii teres. 

9. Pectoralis major.—In the male (No. 2) and the female (No. 25) a 
detached outlying slip was found on both sides at the lower border of this 
muscle, arising from the epigastric aponeurosis covering the rectus 
muscle, and inserted, separately from the rest of the pectoralis muscular 
fibres, upon the deep surface of the upper fibres of the tendon of insertion. 
In the male the slip was small on one side, and arose opposite to the sixth 
rib-cartilage ; but on the other side large, and reaching as low as the seventh 
rib. The author looks upon the above abnormality as the homologue of 
the “ portion ventrale”? of Cuvier and Laurillard’s plates, constituting, in 
most Mammalia, a large and separate portion of the pectoral group of 
muscles. It is also homologous with the “costo-humeral’’ of Professor 
Huxley, and the chondro-epitrochlear of Duvernoy. Meckel describes it 
as remarkably distinct in the Bats, drawing the wings powerfully down 
and inwards (Anat. Comp. vol. vi. p. 206). Zenker describes it as the 
‘* brachio-abdominal”’ muscle in the Batvrachian reptiles, in whom it is 
frequently continuous with the rectus abdominis (Batrachomyologia. 
Jenze, 1826, p. 39). 

In the male (No. 13) was developed, on the left side only, a very large 
and well-marked example of the muscle described by the author as the 
“ chondro-coracoid.” It is placed in the Table among the sundries. It 
consisted of a separate muscle arising by two digitations, the upper from 
the sixth rib, and the lower from the epigastric aponeurosis covering the 
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rectus, and formed a muscle 2 inches wide, while passing upwards and 
outwards across the axillary space, below and quite distinct from the 
pectorals, to be mserted by a broad tendinous expansion into the fascia 
covering the origin of the coraco-brachialis muscle as high up as the coracoid 
process. The pectoralis mimor muscle was also very large and divided, 
and altogether the arrangement of these muscles resembled much that. 
found in the Felide and Rodents. The chondro-coracoid portion forms, 
in the Norway Rat and Rabbit, a separate element distinct from the other 
pectorals. It seems to be an upward transition of the insertion of the 
epigastric slip above described, with which it coincides closely at its origin. 
In animals it is considered by some writers a part of the panniculus 
carnosus. 

In 4 male subjects the clavicular fibres of the pectoralis major were 
fused with those of the deltoid, leaving only a small opening below for 
the cephalic vein. This arrangement has been recorded by Otto as an 
absence of the clavicular fibres of the deltoid, and by Seiler as an origin 
of the deltoid from the whole of the clavicle (Observ. Anat. 1808, fase. i.). 
It indicates that kind of blending of the clavicular elevators of the upper 
arm which reaches its highest form in the lower portion of the cepa 
humeral muscle of the Carnivora and Rodents. 

In the female (No. 20) the clavicular fibres of the pectoralis were split 
into two distinct muscles, one occupying the sternal, and the other the 
middle third of the bone. They were united at their insertion only. 

10. Pectoralis minor.—In no less than 8 subjects, 4 male and 4 female, 
in 7 on both sides, and in 1 (male) 
on the left side only, a portion of Fig. 4 (Subject No. 10). 
the tendon of this muscle, usually 
the upper part, was prolonged 
over a pulley-like groove upon the 
coracoid process, and pierced the 
coraco-acromial ligament to be con- 
nected with the tendon of the su- 
praspinatus muscle, and implanted 
with it into the capsular ligament 
of the shoulder-joint.. In 2 of the 
males (Nos. 10 & 12) the tendon 
was also connected with the upper 
fibres of the glenoid ligament at its 
point of union with the capsular. 
In No. 10 the pectoralis minor was 
arranged in the complex manner 
shown in fig. 4. The fibres of “AM 
the upper digitation (a), arising SV 
from the second rib and intercostal 
fascia, were joined to a roundish 
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tendon which passed over the coracoid groove, gave off a slip to the 
eoraco-acromial ligament (e) as it perforated it, and was implanted partly 
into the capsular ligament (f), and partly perforated it to join the fibres 
of the glenoid (yg). The middle fibres (0), arising from the third and 
fourth ribs and fascia, were attached by a shorter tendon to the inner 
margin of the coracoid, and connected by aponeurosis to the origin of the 
coracoid muscles. The lower fibres (¢ & d), arising from the fifth rib and 
the adjacent intercostal and epigastric aponeuroses below the border of the 
pectoralis major muscle (with which they were partly blended), divided 
soon into two parts, of which the upper (¢) was inserted into the fascia of 
the coracoid muscles (cut off short in the woodcut) ; while the lower (d) 
were united in a tendon which passed over these muscles, pierced the 
eapsular ligament above the subscapularis (divided in the cut), and finally 
joined with the uppermost tendon to be inserted into the upper part of 
the glenoid ligament. A bursal opening existed at this point between the 
joint and the subscapular bursa. In the adjoining figure the pectoralis 
major, part of the deltoid, the coracoid muscles, and the subscapularis are 
partly removed, and the shoulder-joint opened to show the glenoid ligament. 

In this curious stance the lower part of the muscular arrangement is 
evidently a “chondro-coracoid”’ muscle joined up to the pectoralis minor 
at two separate points, viz. at its origin and insertion. At its origin it 
coincides with the usual origin of this muscle, reaching down nearly as far 
as the latissimus dorsi; while at its insertion it 1s fused with the glenoid 
tendon of the pectoralis minor. Its course over the origins of the coracoid 
muscles quite coincides with a frequent insertion of the “‘ chondro-coracoid.” 
It resembles considerably the intermediate pectoral of the lower animals. 

This remarkable insertion into the glenoid ligament goes far to corrobo- 
rate the views expressed by Macalister (Journal of Anat. and Phys. No. 2. 
May 1867, p. 317) upon the homology of his coraco-glenoid ligament with 
the humeral tendon of the pectoralis minor. 

In another male subject (No. 13) the upper fibres of the lesser pectoral 
passed over the coracoid process to be inserted into the coraco-acromial 
ligament. In a female (No. 32) the upper fibres of the muscle on the 
right side were inserted by a flat aponeurotic tendon, half an inch wide, 
into the lower border of the clavicle, forming almost a separate sterno- 
clavicular muscle. 

11. Sterno-scapular.—tIn 5 males (on toth sides) and in 5 females (of 
which 2 were on both sides, 2 on the right, and 1 on the left only) it was 
found that a portion of the lower fibres of the subclavius muscle were im- 
planted upon the tubercle of the coracoid process, and were usually separated 
by a distinct interval from the rest of the muscle, constituting a decided 
formation in most of the specimens of a sterno-scapulur muscle, first dis- 
tinguished and figured by the author in his paper of 1865 (fig. 4), and 
compared with the muscle of that name in animals. 

In the subject there figured a muscle was found, coexisting with the sterno- 
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scapular (marked 6 in the above-mentioned figure), which has again been met 
with in the male subject (No. 4) of this year’s series, On the left shoulder 
was found a distinct band of muscular fibres, nearly an inch in width, 
arising just outside of, and in connexion with, the omohyoid, from the base 
of the coracoid process, and inserted into the clavicle with the outermost 
fibres of the suéclavius muscle. It has been named by the author the 
Scapulo-clavicular muscle, as it seems clearly to be the homologue of the 
muscle described and figured by Cuvier and Laurillard, under the name of 
the “ scapulo-clavien,” in the Rat-mole of the Cape, and the Didelphys mar- 
supialis or Sarigue (plates 216 & 195). The author has tound the muscle 
also well marked, separate, and distinct in the Norway Rat (Jus decu- 
manus), as well as in the Guineapig, and in a less distinct form in the 
Rabbit. The muscle is noted in the Table, in column 40, among the single 
specimens. 

12. Latissimus dorsi.—In the male (No. 9) was a detached slip from 
the ninth intercostal fascia of the right side, which joined this musele high 
up near its insertion. In the female (No. 29) was a musculo-tendinous 
slip, passing from the left latissimus across the axillary vessels, and inserted 
into the fascia covering the biceps muscle. It seemed to be a formation 
between the ordinary “ Achselbogen”’ and a dorso-epitrochlear muscle. A 
similar slip, reaching only to the fascia covering the coraco-brachialis, was 
present cn both sides in No. 32. 

Out of 102 subjects, viz. 68 males and 34 females, a dorso-epitrochlear 
slip of muscular fibres has been found by the author in 5 ; 3 of whieh were 
males, and 2 females. In 2 of the males the slip was lost on or joined the 
scapular head of the ¢riceps muscle. In the third male it was lost on the 
fascia covering the coruco-brachialis. All these were found in both arms. 
Of the 2 females, one was found on both sides, and ended on the fascia 
covering the coraco-brachialis, and the other on the left side only, and 
ended in the fascia covering the short head of the dzceps. In 6 of the 102 
subjects the latissimus gave off a considerable slip to the insertion of the 
pectoralis major (Achselbogen) ; 3 were in males, 2 on both sides, and i 
on the left side only; and 3 in females, 2 on both sides, and 1 on the left 
only. In 3 subjects the upper costal fibres of the latissimus were con- 
nected with a broad muscular slip arising with them, which, after crossing 
the axilla upwards and outwards, were inserted with the pectoralis minor 
into the coracoid process, or into the fascia of the coracoid muscles just 
below it (chondro-coracoid). ‘Two of these were in males, one on the right 
side only (a similar slip on the left side joined the pectoralis major), and 
the other on the left only. The third was found in a female subject on 
the left side only. 

13. Coraco-brachialis.—In 2 males (Nos. 1 & 10) and 3 females 
(Nos. 21, 23, & 24) this muscle presented an entirely double formation. 
The upper slip was inserted into the usual place; the lower passed down 
further, to be connected with the internal brachial ligament or intermus- 
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cular septum as far down as the ridge of the internal condyle. The 
musculo-cutaneous nerve usually passed between the two. The lower slip 
has been described by the author as a separate element, the coraco- 
brachialis longus (Journal of Anat. and Phys. No. 1. p. 49). This form of 
coraco-brachialis is found in the Ornithorhynchus, Echidna, and some 
Rodents. In the female (No. 30) this long muscle existed in the form of 
a distinct bundle given off from the middle of the coraco-brachialis, and 
ending in a long tendon which was implanted fairly upon the inner condyle, 
and which seemed to originate in a differentiation of the internal brachial 
ligament. Inthe female (No. 23) was found a good specimen of the muscle 
named by the author in the same paper the “ coraco-brachialis brevis,” or 
‘rotator humeri.”’ It arose separately from the under surface of the cora- 
coid process near its base, and was inserted into the neck of the humerus, 
just below the lesser tuberosity and above the latissimus dorsi. Itis found 
usually in the Quadrumana, coexistent with the longer form, and in the 
Rodents and Carnivora singly. 

In the male (No. 9) a large coraco-brachialis gave off a considerable 
bundle of muscular fibres, which joined bodily those of the drachialis an- 
ticus. This has been before found by the author, and also by Macwhinnie 
(op. cit.) and Hyrtl (Lehrbuch, 8. 863). Itis significant as the homologue 
of the semimembranosus in the lower extremity, supplying the homologous 
origin from the coracoid (ischium) as the brachialis supplies the homolo- 
gous insertion. 

14. Biceps brachit.—In 2 males and 6 females, out of the 36 dissected 
this session and given in the Table, this muscle was provided with a third 
or humeral head. In the left arm of No. 14 a slip of muscular fibres was 
given off from the lower third of the coraco-brachialis, and joined the 
short head about its middle. This seems to be merely a doubled or divided 
short head, of which the lower portion separates from the coraco-brachialis, 
lower down than usual, as we frequently findin the Quadrumana. In both 
arms of No. 17 the muscular slip, half an inch wide, was given off from the 
humerus just at the insertion of the coraco-brachialis. In the 6 other in- 
stances the third head arose, in the most usual place, with the upper fibres 
of the drachials anticus, and joined the tendon at the same point as the two 
normal heads. In 1 (No. 24) it was found on both sides, in 4 on the left 
side only, and in | on the right side only. 

Out of 175 subjects examined by the author, a ¢hird or humeral head of 
the biceps was found in 14, viz. in 7 males and 7 females. In 4 others, 
viz. 3 males and 1 female, it was found coexistent with a fourth head, 
also arising from the humerus. In 3 of these the fourth head arose from 
one of the tuberosities or the borders of the bicipital groove; and in the 
fourth, from the outside of the humerus, between the insertion of the deltoid 
and the origin of the supinator longus. This gives a proportion of about 1 
in 9 out of the 175 subjects, agreeing nearly with the computation of Theile, 
viz. 1 in 8 or 9, and not with that of Hallett, viz. 1 in 15. 
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In the right arm of the male (No. 10) (noted in column 15 in the Table) 
was found a drachio-radialis as a detached muscle (fig. 5, a) of considerable 
size, arising separately from the upper part of the outer condyloid ridge of — 
the humerus and intermuscular septum, just below the 
deltoid (d) and above the supinator longus (c). Passing 
as a flat muscular band downwards, forwards, and in- 
wards, outside the biceps (0), it was inserted by a flat 
aponeurotic tendon into the oblique line of the radius, 
close below the bicipital tuberosity, and between the in- 
sertions of the supinator brevis (e) and pronator radii 
teres(f). Although quite detached from other muscles, 
and inserted into the radius below the biceps, the homo- 
logical relation of this muscle, in the situation of its 
origin from the humerus, to the fourth head of the bi- 
ceps just alluded to (recorded in the author’s paper of 
1864), is clearly apparent; and it holds the same rela- 
tion to that external humeral head of the biceps as the 
detached brachio-fascialis, described in the author’s /\\\ 
papers of 1864, 1865, and 1866, does to the internal |i 
humeral head of the same muscle. Meckel, quoting A 
Pietsch (Journal de Roux, t. xxxi. p. 245), mentions an {\\ 
instance in which ¢hree humeral slips, one from the | 
outside of the humerus (homologous with the foregoing 
abnormality), one from the inner side (homologous with 
the more common third head), and one from the short 
or coracoid head of the biceps, joined together to form 
‘one muscle, which was inserted into the radius by a 
separate tendon, behind the normal one, upon the bici- 
pital tuberosity (Muskeilehre, 8. 504). He also quotes 
Rudolphi (in Blumenbach’s Med. Bibl. Bd. i. 8. 176) 
and Sels (Diss. Anat. Musc. Variet. sistens, 1815, 
p. 12) for an instance in which a muscular bundle of the 
size of a finger passed from the outer head of the 
biceps to be inserted separately into the radius. The 
more perfectly detached form of this abnormality is also alluded to by 
Theile Gn Scemmerring’s Encyclop. Anatomique, Jourdan’s Trans. 1843, 
p- 217), by R. Wagner (in Heusinger’s Zeitschrift, Heft ni. Bd. iii. S. 345), 
and by Hyrtl (Lehrbuch). A case very similar to the present has been 
described by W. Gruber (in Miiller’s Archiv, 1848, S. 428) as a variety of 
the brachialis anticus, in the right arm of a very muscular male, in whose 
left arm was found the more common form of the third head of the biceps. 
It arose from the humerus, close to the outer condyloid ridge, as a thick 
muscle, and was inserted by a separate tendon into the radial tuberosity 
just below the biceps, giving off a slip of tendon to the aponeurosis of the 
forearm. 


Fig. 5 
(Subject No. 10). 
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15. Brachialis anticus——tIn both arms of the male (No. 6) some of the 
fibres of this muscle were directly continuous with those of the supinator 
longus, an ape-like arrangement before noticed by the author in his paper 
of 1866. He has found it in 6 males on both sides out of 102 subjects. 
It is recorded also by Macalister (op. cit. p. 19). Slips from this muscle 
to the outer part of the fascia of the forearm have been mentioned by Scem- 
merring, Theile, Macwhinnie, and Hyrtl. In the female (No. 22) the bra- 
chialis anticus was divided into two muscles, an outer and an inner, 
both inserted into the coronoid process. This has been observed by 
the older anatomists. It resembles the arrangement in the Rabbit and 
Agouti. 

16. Anconeus epitrochlearis.—In his paper read before the Royal Society 
in June 1866, the author mentioned and tabulated a detached muscular slip 
in the right elbow of a male subject, arising separately from the back part 
of the inner condyle of the humerus, and passing across and superficial to the 
ulnarnerve, and distinct both from the triceps and flexor carpi ulnaris muscles, 
te be inserted into the inner side of the olecranon process of the ulna. 
This muscle he again described and figured in his paper of last year, com- 
paring it with a like muscle he had found in the Rabbit. During the last 
session this muscle has been found in 4 male subjects out of the 36—in 3 
in both arms, and in 1 im the left arm only. The author has also found the 
muscle in his dissections of the Orang, Bonnet-Monkey, Mole, Hedgehog 
common Weasel, Cat, Norway Rat, Squirrel, and Ornithorhynchus. In the 
Mole it is particularly large and well developed, as are all the muscles of 
the upper arm. It is also well marked in the Norway Rat and Rabbit. In 
the subjects of the Table of the present year it has been very carefully 
looked for, with a view to determine the frequency of its occurrence, and to 
compare the results with those stated by Professor Gruber of St. Peters- 
burg, in a paper published in the ‘ Mémoires de |’Acad. des Sciences de 
St. Pétersbourg,’ in June 1866. This eminent observer states that he has 
found this muscle (epitrochleo-anconeus) as frequently as in 34 per cent. of 
subjects—in 26 out of 79 males, and in 8 out of 21 females. In 14 it was 
on both sides, in 12 in the right, and in 3 in the left arm only. It seems, 
therefore, to be more commonly found in the Sclavonic than in the Anglo- 
Saxon races. Professor Gruber figures and minutely describes this muscle, 
both in the human subject and in many animals—in Inuus nemestrinus, 
Cebus fatuellus, Galeopithecus, Myogale, Dasyurus viverrinus, Arctic Bear, 
Lion, Cat, Hare, 3-banded Armadillo, Seal, and many others. It seems to 
correspond with the muscle described in the Hyrax by Mivart and Murie 
as a fourth head of the ¢riceps, and in the Rabbit by Krause as the anconeus 
quartus. It is figured, but not distinguished from the other anconeal 
muscles, in Cuvier and Laurillard’s plates of the. Panther, Genet, Beaver, 
Marmot, Rat-mole, Great Anteater, Elephant, and many other animals 
of various genera. 

17. Pronator radii teres.—In 2 males and 2 females this muscle was 
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doubled or split along nearly its whole length into a condyloid and coronoid 
muscle, the latter being inserted higher than, and external to, the former 
part. In No. 1 the coronoid origin was a rounded tendon. In the female 
(No. 35) the two parts were distinct throughout, and connected only by a 
small slip at their insertion. In No. 31 the condyloid origin of the pro- 
nator was the only one present. The occasional occurrence of a double 
pronator has been noticed by Albinus, Seemmerring, Theile, and Meckel. 
Mr. Macalister has lately called attention to this formation as an evidence 

of a second or accessory embryonic germ, represented by the coronoid 
origin, and homologous with the tibial head of the soleus (Journal of 
Anat. and Phys. Nov. 1867). The coronoid origin is not found in the lower 
Mammalia, and is present only in the higher Quadrumana. It was found 

by the author large and well marked in the Orang, arising by a strong, 
broad tendon, common to it, the flexor carpi radialis, and the flexor sub- 
limis digitorum, and giving off a slip to the separate flexor indicis, and 
with the median nerve passing between it and the condyloid origin. In 

the same animal there was no tibial origin whatever to the soleus. The 
coronoid head of the pronator was not found by the author in the Bonnet- 
Monkey. Dr. Humphry found it in the Chimpanzee disposed as in the 
human subject. . 

18. Flexor sublimis digitorum.—In the left arm of a male (No. 4) was 
an unusual fusiform muscular slip from the coronoid origin of this muscle, 
ending in a long tendon which, passing under the annular ligament to the 
palm, gave origin to the outer half of a bipenniform first lumbricalis 
muscle. The inner head of the lumbrical arose from its usual place. 
This abnormality was described in the arm of a negro in the author's paper 
of 1865, the long tendon arising in that instance from the deep fibres of 
the sublimis, along with a coronoid ‘‘ accessorius ad flex. long. pollicts,” 
and was joined in the lower part of the forearm by a muscular slip from the 
radius. In No. 7 the tendon to the middle digit was double. In Nos. 11 
and 17, males, and in 20, 30, 32, 34, and 36, females (7 in all), the origin of 
the flexor sublimis from the coronoid process was twofold, viz.:—one, fleshy, 
from the upper part of the inner border of the process, and continuous with 
the fibres of the condyloid and ligamentous origins; and a second, flat, 
tendinous, and riband-shaped, from the lower angle of the coronoid process— 
the latter joining the fibres of the radial origin before these united with the 
rest. In all but 2 this arrangement was on both sides. 

In 2 females (Nos. 19 and 22) the sublimis tendon to the little finger 
was absent. In the latter the perforated tendon was supplied by the fourth 
lumbricalis muscle. This arrangement forms a contrasted instance to that 
just mentioned, in which the first lumbricalis took origin from a tendon 
supplied by the sublimis. In the left arm of the female (No. 20) a musculo- 
tendinous slip was given off from the sublimis to the palmar fascia, in aid 
of a very feeble palmaris longus. Such a slip has been found by Macalister 
in Cebus capucinus. Rosenmiiller has also described it in the human sub- 
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ject (op. cit. S. 6). In the opposite arm both the palmaris longus and the 
substitutory slip from the sublimis were wanting. In the female (No. 23) 
a separate digastric muscular belly was provided for the perforatus tendon 
of the index, while the rest of the muscle was much divided. In No. 3la 
like digastric muscle gave gave off the perforatus tendons to both the index 
and little fingers. This was exactly like the instance described in the au- 
thor’s last paper. It has been recorded also by Meckel, and lately by 
Macalister. It is occasionally found in the Quadrumana. 

19. Flexor profundus digitorum.—In no less than 4 males and 6 females 
out of the 36 subjects of the present year, and in 19 subjects out of a total 
of 102, was found the rounded, tapering, muscular slip arising with the 
condylo-coronoid origin of the sublimis, and joining, either by fleshy fibres 
or by a long tendon, some part of the flexor profundus or its tendons. It 
was observed by Gantzer, and named by him the “‘ accessorius ad flexorem 
profundum digitorum.” In two males (Nos. 2 and 9) it joined that part 
of the profundus which supplied the index finger. In No. 9 it came off 
from the ccronoid in common with a like slip to the flexor longus pellicis. 
In seven subjects it joied the second tendon of the profundus, viz. that to 
the middle digit ; and in one female (No. 31) it was large, and ended in a 
long and good-sized tendon, dividing at the wrist into separate tendinous 
slips to the ¢hree inner digits, presenting almost the appearance of an in- 
termediate common flexor, homologous with that which constitutes the 
chief bulk of the combined flexor muscles in the Carnivora and other Mam- 
malia. It was similar in many respects to the arrangement in the Negro 
before alluded to. ‘The author has found the slip of connexion between 
the coronoid fibres of the sublimis and the profundus in the arm of the 
Orang-outang. It is slender, and joins that part of the profundus which be- 
comes differentiated into a flexor indicis in this animal, as well as in the 
Gorilla and Chimpanzee. The author has also found the same slip in the Ma- 
cacus radiatus, arising musculo-tendinous with the sublimis, and uniting 
just above the wrist with the combined tendons of the flexor profundus and 
longus pollicis, just before the tendinous slip to the thumb is given off. 
In Wycticebus tardigradus, or Slow Loris (in which animal the common 
flexors are still distinct as in Man and the higher Quadrumana), a slip of 
tendon from the sublimis unites with the profundus above the carpus, and 
joins also the flexor pollicis (Mivart and Murie, Proc. Zool. Soc. Feb. 1865, 
p- 24). Meckel also describes this in the Loris. It is also found in 
Cheiromys, according to Owen, and in Tarsius, as described by Burmeister, 
showing in these animals a more decided tendency to the more complete 
amalgamation and substitution found in animals lower inthe scale. Inthe 
Hedgehog the author has noted its presence in a more decided form, and 
still more largely developed in the Guineapig, Surmulot, and Rabbit, where 
it assumes more of the size and importance which it possesses in the Carni- 
vora, in whom it constitutes the chief bulk of the combined flexors. 

In the left arm of a male (No. 5) aconsiderable slip, amounting almost to 
VOL. XVI. 2U 
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an equal division of the tendon of the flexor longus pollicis, jomed bodily 
with the indicial tendon of the profundus, just at the point of origin of the 
first Jumbricalis muscle, which arose equally from both by a double penni- 
form belly. In the right arm of the same subject, a single penniform 
muscle, arising from the middle third of the front surface of the radius be- 
low the flexor longus pollicis, gave off a tendon which passed under the 
annular ligament behind that of the flexor longus pollicis, and ended by 
giving origin to the outer half of a bipenniform first lumbricalis muscle ; but 
it did not form any other kind of junction with the indicial tendon of the 
profundus. The last abnormality has been observed by Theile and Henle. 
It has an evident relation to that on the left arm of the same subject, al- 
though the slip does not quite reach the tendon of the profundus; and it 
has also a more remote one to the slip before described from the sublimis 
to the bipenniform first lumbricalis—the connexion between the two in the 
latter being kept up by the blending of a coronoid accessory muscle of the 
profundus or flexor pollicis fongus with the slip to the lumbricalis. In one 
of last year’s subjects the tendon to the bipenniform lumbricalis came di- 
rectly from the belly of the flexor longus pollicis, in place of having a 
distinct radial muscular belly. In the male (No. 7) the profundus itself 
gave off a long musculo-tendinous slip to the second lumbricalis. In the 
female (No. 19) that portion of the fibres of the flexor profundus which 
arises from the interosseous ligament, and gives rise to the indicial tendon, 
formed a distinct flexor indicis, an areolar interval extending along its 
whole length and separating it from the rest of the fibres of the: pro- 
fundus. 

20. Flexor longus pollicis.—In 27 out of the 36 subjects, viz. 13 males 
and 14 females, this muscle received a fleshy, fusiform coronoid origin, the 
“musculus accessorius’’ of Gantzer. Sometimes it was distinct from the 
coronoid fibres of the sublimis, but was more frequently blended with them. 
In both arms of the male (No. 5) the accessory muscle received an addi- 
tional muscular slip from the condyloid fibres of the sublimis, the fibres of 
which were continuous with those of the tendon before described as passing 
to the first lumbricalis muscle. This coronoid or condyloid slip has been 
found by the author in 40 subjects out of 102, viz. in 22 out of 68 males, 
and in 18 out of 34 females. It would thus seem to be more common in 
the latter sex. In 13 of the males and 12 of the females it was present in 
both arms, in 4 males and 4 females in the right arm only, and in 5 males 
and 2 females in the left only. The condyloid origin occasionally found 
forms a still closer homology with the chief or condyloid origin of the com- 
bined flexors of the lower animals. In 3 subjects, viz. 1 male (No. 13) in 
both arms, and 2 females (in No. 28 in the right arm, and in No. 32 inthe 
left only), the flexor longus pollicis tendon subdivided into two, the inner 
and smaller joining in two of them the indicial tendon of the perforans 
about the wrist—but in one (No. 28) having a distinct insertion into the 
outer part of the base of the ungual phalanx of the index finger, lying in 
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the sheath as a separate tendon. The former of these arrangements has 
been observed by the older anatomists,’ Fleischmann, Loschge, Gantzer, and 
Meckel. Both represent very closely the tendinous connexion usually ex- 
isting between the long flexors of the toes as a slip from the flexor hallucis 
to the second, third, and sometimes the fourth tendons of the flexor com- 
munis. In his paper of 1866 (p. 235) the author described a variety in 
which the communicating slip passed in the opposite direction, viz. from 
the indicial tendon of the profundus to the flexor longus pollicis, an ar- 
rangement which is found in the Gorilla, according to Duvernoy, and in the 
Chimpanzee as described by Professor Wilder (Boston Journ. of Nat. Hist. 
vil. 364). This resembles an occasional variety in the communicating slip 
between the homologous tendons in the foot of the human subject. 

21. Lumbricales manis.—Besides the abnormal origin of the first Jum- 
bricalis before alluded to, there were 8 other irregularities affecting these 
muscles in the 36 subjects. In Nos. 5 and 10, male, and No. 36, female, 
the second lumbricalis was bipenniform in its origin from the contiguous 
sides of the first and second perforating tendons. In the left arm of Nos. 4 
and 18, and in both arms of No. 8, all males, the ¢hird lumbricalis was bi- 
fureated, with a double insertion into the extensor aponeurosis of the third 
and fourth digits. ‘This was the case also in the left arm of No. 7, while 
in the right arm, both the ¢hz7d and fourth lumbricales were bifurcated and 
inserted into the contiguous sides of their opposing digits. In the left arm 
of No. 18 the fourth lumbricalis was absent. In the left arm of No. 17 a 
slip of communication was observed between the origin of the first palmar 
interosseus and the middle of the jirs¢ lumbricalis, which thereby assumed 
the appearance of a bipenniform muscle, an abnormality which does not ap- 
pear to have been before recorded. All these subjects but one were males ; 
4 were found on both sides, 3 on the left only, and | on the right only. 

Out of 102 subjects, viz. 68 males and 34 females, examined by the author, 
some of the Juméricales of the hand have been found abnormal in 19. In 
4 of these, abnormalities of two kinds occurred, making altogether 23 spe- 
cimens ; 15 were males and 4 only females, giving a proportion of twice as 
frequent in the male sex. 8 were found on both sides, 8 on the right side 
only, and 7 on the left only. The second was doubled in its insertion once 
only, in the left hand; and was bipenniform in its origin in two instances. 
The third was bifurcated and double at its insertion in 10 instances, in 6 on 
both sides, 2 in the right, and 2 in the left hand only. It was bipenniform 
in its origin in 2 subjects, in both hands. The fourth was doubled in 2 in- 
stances, 1 in the right and 1 im the left hand. In one female it supplied, 
in both hands, the perforatus tendon of the fifth digit. Once it was inserted 
into the ulnar side of the ring-digit instead of the little finger, as has been 
observed by Moser and Theile; and in three instances it was totally want- 
ing—once on the right and twice on the left side. The last abnormality 
has been recorded by Scemmerring and Meckel. The above figures are 
considerably smaller than those given by Froment (Recherch. sur plusieurs 
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points d’Anatomie, 1853), who found some of these muscles abnormal in 
45 per cent. of subjects. The proportionate frequency of the several muscles 
aifected, however, is much the same. He also found the third to be most 
frequently affected, as had been observed indeed by the older anatomists, 
Petsche, Walther, and Heister (in Haller’s Disput. Anatom. Select.), as. 
well as by Meckel and Theile. 

22. Flexor carpi radialis.—In three males and two females, two of 
the males on the right side and the rest on the left only, the tendon of 
this muscle gave a slip of insertion into the trapezium before being im- 
planted upon the base of the second metacarpal bone. This has been re- 
corded by Albinus, Loschge, Fleischmann, Theile, and Hyrtl, and is men- 
tioned by Henle (Muskellehre, S. 191). 

Flexor carpi radialis brevis seu Hepa the left arm of a female 
(No. 28) was found a small specimen of the variety of abnormality de- 
scribed by the author under this name. It arose from the oblique line of 
the radius, under the ori igin of the flexor sublimis, by a falciform aponeurosis, 
with a fusiform belly 1} inch long, and was inserted by a round tendon into 
that deep process of the annular ligament which is implanted upon the 
ridge of the trapezium and trapezoid, enclosing the groove for the tendon 
of the flexor carpi radialis. In the left arm of No. 32 (also a female) a 
large specimen of the same muscle existed, arising aponeurotic from the 
oblique line and outer border of the radius, with a fusiform belly ending in 
a round tendon which crossed deeply and obliquely across that of the flexor 
longus pollicis, close upon the wrist-joint, to be inserted in a fan-shaped 
way into the head of the os magnum, almost but not quite reaching to the 
base of the middle metacarpal bone. This specimen supplies a connecting 
link between the fusiform muscle attached to the annular ligament of 
No. 28 (which it resembled in its shape and origin) and the complete flexor 
of the middle metacarpal bone described by the author in former papers, 
which it closely resembles in its insertion. In the same hand the flexor 
carpi radialis gave off a slip to the trapezium. In both arms of No. 28 
the palmaris longus was wanting ; but in No. 32 that muscle was present 


* While this is going through the press, the author has been favoured by Professor 
W. Gruber, of St. Pétersburg, with the last and several back numbers of the ‘ Bulletin de 
P Acad. Imp. des Sciences de St. Pétersbourg.’ In the last he claims priority of discovery 
and publication in the matter of the above-named muscle, which he figured and described 
in three male subjects in 1859 (intom. xvii. no. 28, of that periodical), and which he then 
named ‘‘ M. radio-carpeus” and “ M. radio-carpometacarpeus.” The author takes the 
earliest opportunity of acknowledging this priority as regards himself. He was aware of, 
and has frequently referred to evidences of Professor Gruber’s industry in observation, 
but he did not recognize his exceeding merits as a discoverer till informed of them by 
the pamphlets above mentioned. In the last, Professor Gruber himself refers to the 
publication of an instance of the “ M. radio-carpeus”’ by M. Fano in the ‘ Bull. de la 
Soc. Anat. de Paris,’ in November 1851, with which he himself did not become ac- 
quainted before 1859!! The grounds upon which he claims priority in face of this are 
not convincing; but he objects to the name given by the author, and announces that - 
the muscle shall from henceforward be called “ M. radialis internus brevis (s. minor) | 
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and normal in the same arm, and fusiform in the opposite or right arm. 
In both the sex was female, and the muscle was found in the left arm 
only. In the 8 instances previously described by the author the sex in 7 
was male; and in all, the muscle was found in the right arm only. The 
latter peculiarity was also present in 2 specimens, of which notes have been 
kindly forwarded by Mr. Macalister of Dublin, one of which was inserted 
into the third metacarpal and the other into the annular ligament. In 
a note sent to the author in March last, the same excellent observer fa- 
voured him with a description of a peculiar arrangement of the muscle which 
he had found in a female in the left arm only. The muscle arose by two 
heads, viz. the more usual one from the radius between the flexor sublimis 
and flexor longus pollicis, and the other, flat and aponeurotic, from the 
internal condyle of the humerus. These joined in a muscular belly 4 inches 
long, which lay deeper than that of the flexor carpi radialis, and outside 
of the flexor longus pollicis, and was inserted by three slips of tendon into 
the deep surface of the annular ligament. The palmaris longus was also 
present, and normal in this case. 

23. Palmaris longus.—In three males (Nos. 1, 6, & 15) this muscle and 
its tendon were both double, in the first two in the left arm only. In 
the last it was found in the right arm only—the supernumerary muscle being 
almost median and fusiform in shape, and the tendon of insertion reaching 
only to the annular ligament. In both arms of a male (No. 17) its tendon 
was split up into several parts, all inserted into the annular ligament closer 
than usual to the scaphoid. In both arms of No. 16 its belly was fusi- 
form and nearly median, and its tendon of insertion gave off a slip to the 
origin of the abductor pollicis. In the left arm of the females (Nos. 31 & 
34) the muscular helly was also fusiform and median in its position. In 
the latter, the tendon of insertion was double. In four, all fernales, the 
palmaris was found entirely wanting—in No. 28 on both sides, in Nos. 
20 & 31 in the right arm only, and in No. 36 in the left only. In the 
right band of the last, the palmaris brevis was also absent. No slip of 
substitution was found in any of these instances. In the right arm of the 
male (No. 13), and in the left of the female (No. 29), the only representa- 
tive of this muscle was a feeble rudimentary tendinous slip. 

Out of 102 closely observed subjects, viz. 68 males and 34 females, 23 
have presented abnormalities of this muscle. In 7 of these they have 
varied in the two arms, presenting altogether 31 instances; 6 were double 
muscles, and 3 double tendons; of these, in 7 males and 2 females, 1 was 
in both arms, 2 in the right, and no less than 6 in the left arm only. It 
has been altogether absent in 9 instances, and rudimentary in 2,viz. in 4 males 
and 7 females; of these, 4 were in both arms, 4 in the right, and 3 in the 
left arm only. The number of absent muscles was thus nearly double in 
half the total number of females, giving a proportion of 4 to 1 of fre- 
quency of absence in this sex. In 5, viz. 3 males and 2 females, the mus- 
cular belly was median or inverted, in 2 on both sides, 2 in the right arm, 


504: Mr. J. Wood on Variations in Human Myology. [June 18, 


and 1 in the left only. In 1 male and 1 female only was the flexor carpi 
radialis brevis present when this muscle was absent or rudimentary. In 
the left arm of one female a substitutory slip came from the fleror sublimis 
digitorum. In 3 males, in 2 on both sides, and 1 on the left only, such a 
slip was derived from the flexor carpi radialis. 

24. Extensor carpi radialis longior.—In 2 males and 1 female, twice in 
the right, and once in the left arm, this muscle was entirely blended at its 
origin with its twin muscle the drevior. In the male (No. 11) the coal- 
esced muscle gave off two tendons, which had the usual insertions of the 
longior and brevior. In No. 2 it gave off three tendons, the middle one 
being that of the muscle called by the author the extensor intermedius, 
which was inserted with the brevior. In the female (No. 32) there arose 
in the left arm, from the combined muscular belly, no less than four ten- 
dons, of which the imner, corresponding to that of the Grevior, was the 
largest and subdivided into two (making five in all), the superficial one 
of which was inserted into the bases of the second and third metacarpals, 
and the deeper into that of the third only. The outermost tendon, repre- 
senting the Jongior, was inserted into the base of the second metacarpal ; 
while the two intermediate tendons united at the lower end of the radius, 
to be inserted together, on the inner side of the longior, into the base of the 
index-metacarpal. This coalescence of the fleshy bellies of the Jongior and 
brevior has been alluded to as an absence of the eatensor brevior, with the 
longior supplying two tendons, by Meckel (Muskellehre, S. 509), quoting 
Albinus (Hist. Muse. p. 446), and Salzmann, and also by Maewhinnie and 
Henle. Theile mentions it as a union of the longior and brevior (op. cit. 
p. 226). Meckel remarks upon its resemblance to the arrangement in the 
lower animals, and after him Macwhinnie and Henle. The construction 
in the female (No. 32) somewhat resembles the formation in the Rumi- 
nants; that in the male (No. 2) finds its counterpart in the Hyzena and 
Brown Bear. In the right arm of No. 7, and the left of No. 12, the ten- 
don of the longior was split into two, both having the normal insertion. 

In the female (No. 21) the lorgior gave off a large muscular slip to jom 
the supinator longus high up. This resembles the doubleheaded supinator 
longus found by Mivart in the Iguana tuberculata, the second head of 
which arose with the extensor carpi radialis (Proc. Zool. Soc. June 1867, 
p. 783). 

Extensor carpi radialis accessorius.—The above-described doubling of 
the tendon of the dongior forms, apparently, the first point of transition to 
the abnormality found in no less than seven subjects (viz. Nos. 4, 6, 10, 15, 
& 17, males, and Nos. 27 & 29, females). In these a slip from the outer 
side of the tendon of the longior had a detached insertion into the base of 
the pollex-metacarpal and into the first dorsal interosseous muscle. Such 
slips have this session been very closely looked for as intermediate transi- 
tional forms of the muscle which has been described and figured by the 
author in former papers as the extensor accessorius. In the male (No. 4) 
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the insertion of this outer tendinous slip from the longior was found in 
both arms, and was so significant that it has been chosen as the subject of 
fig. 6. Leaving the outer side of the Jongior tendon and but slightly in- 


ferior to it in size, just above the radial styloid process Fig. 6 
J ean creates > “(Subject No. 4). 


it crossed the depression of the ‘‘tabatiére’’ under the 
extensor tendons of the thumb, and reached the first 
interosseous space. There it subdivided into two slips, 
the outer one of which was inserted into the inner part 
of the base of the poller-metacarpal (a); and the inner, 
spreading out into a sort of aponeurosis, was first at- 
tached to the base of the endex-metacarpal (0), and then 
passed into the united origins of the abductor indicis 
(interosseus prior indicis of Albinus) (c), and of an 
interosseus primus volaris of Henle (d). The first dor- 
sal interosseus was entirely divided into two muscles, of 
which the posterior (e) arose from the contiguous meta- 
carpals quite distinctly from the deeper muscle (ce), 
which also arose by a bifurcated origin, one from the 
index-metacarpal, and the other from the slip of the 
accessorius tendon under description, in common with 
the interosseus volaris. In the figure, the dorsal por- 
tion is cut off close to its two origins to show the deeper 
part. Inthe same arm was observed an extensor-dnter- 
medius tendon, also leaving that of the longior (/), 
rather higher than the accessorius, and joining that of 
the drevior (g) at its insertion into the second and third 
metacarpals. The thumb-extensors are in the figure 
cut off close to their origins and insertions. 

In this specimen we have clearly some light thrown 
upon the way of the formation of the anomalous exten- 
sor accessorius. The abnormal muscle is produced 
simply by lateral differentiation and displacement of the 
outer part of the muscle and tendon of the longior, a 
process which stops, in the specimen just described, at 
-the tendon only. = 

In the left arm of the male (No. 6) a similar slip from the longior was 
inserted into the base of the pollex-metacarpal, and was continuous with 
the deep origin of the flexor brevis pollicis, there being no interosseus 
volaris present. In the right arm of No. 10 the same abnormal tendon 
was even larger than the normal one of the longior, and there were decided 
marks of a division of the muscular belly into a distinct muscle. The 
accessory tendon divided about an inch above its termination into an inner 
slip inserted into the outer tubercular projection of the base of the index- 
metacarpal, and an outer one which subdivided; one of the subdivisions, 
being inserted into the base of the pollex-metacarpal, gave part origin 
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to an intferosseus volaris, the other becoming connected with the ori- 
gins of the abductor indicis and deep head of the flexor brevis pol- 
icis.. On the opposite arm of the same subject, the longior had simply 
a double tendon, each part of which was inserted into the base of the 
index-metacarpal, one crossing under the other in a curious way. In the 
left arm of No. 15, and in both arms of No. 17 also, the tendon of the 
longior gave off a slip to the pollex-metacarpal. The female (No. 27) 
had a similar slip in the left arm, and No. 29 in the right arm. In the 
opposite arm of the former was a complicated arrangement of the erfensor 
intermedius. 

The foregoing accessory slips of the extensor carpi radialis longior 
would not be observed in a casual dissection of the part, the normal 
and abnormal parts of the tendon being closely applied to each other and 
divided by a mere chink. It is only by following closely the tendons to 
their ultimate insertion, and removing the dorsal interosseous fascia where 
it covers and conceals them, that the real insertion becomes apparent. 
Hence it appears that this abnormal slip, though now found to be not in- 
frequently present, has never before been recorded. Macwhinnie mentions 
that the tendon of the longior is sometimes inserted partly into the dorsal 
fascia of the hand (op. cit. p. 191); and Heister (in Haller’s Disp. Anat. 
Select. t. vi. p. 739) describes a Musculus radieus externus tricornis, 
two tendons of which were inserted into the first, and the third into 
the second metacarpal bone. These may have been instances of the same 
formation. : 

The fully formed muscle and tendon of the accessorius was much 
mere adapted to challenge attention; but after a careful and prolonged 
search among the works of the older anatomists (kindly placed within his 
reach by Professor Sharpey), the author has found that only one incom- 
plete example has been recorded. The specimen referred to is described 
by G. Fleischmann (in Abhandl. der physikalisch-medicin. Societat zu 
Erlangen, 1810, Bd. i. S. 28, with a figure by Loschge, Tafel I. fig. 2). 
It was an example (found in both arms of a woman) of that variety of the 
muscle in which the tendon is not inserted at all into the pollex-metacar- 
pal, but passes bodily into one of the muscular bellies of a double or 
divided abductor pollicis brevis. Such a specimen was figured by the 
author in his paper of 1854. The absence of any bony attachment to the 
pollex-metacarpal seems to have obscured the real nature of the muscle. It 
was called by Fleischmann “der zweibiuchiger Abzieher des Daumens,” or 
‘“‘abductor pollicis biceps.’ It seems to have been the identical specimen 
obscurely alluded to by Meckel under that name (Muskellehre, S. 517), 
and mentioned by Cruveilhier under the head of ‘‘ abductor pollicis brevis” 
as a double-headed abductor of the thumb. Henle also seems to have fol- 
lowed this indication of a digastric long abductor of the thumb (Muskellehre, 
S. 224). 3 

In 175 subjects in which the author-has had this muscle carefully 
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looked for, it has been found as a muscle and tendon, distinct from 
the extensor carpi radialis longior, in 6 subjects ; viz. 5 males,in 3 in 
both arms, and in 2 in the right arm only, and in 1 female, where it was 
found in the left arm only. In Cuvier and Laurillard’s plates of the dis- 
section of the Common Seal (Phoca vitulina, pl. 19), is figured a slip of 
tendon from the single radial extensor of the carpus to the pollex-meta- 
carpal, sending off a slip to join the insertion of the extensor pollicis. 
Humphry also describes the same slip as inserted simply into the pollex- 
metacarpal in that animal (Journ. of Anat. and Phys. May 1868, p. 306). 
In the great Anteater and Tamandua, Meckel describes a double or second 
supinator longus, of which the tendon of one is inserted into the ensiform 
bone and palmar fascia. This appears to be the homologue of the acces- 
sorius. The author has also found its homologue in the Ornithorhynchus 
and Echidna. 

25. Hatensor carpi radialis intermedius.—The muscle and tendon de- 
scribed by the author under this name, or its representative tendon 
passing between the Jongior and brevior, have been found this session in no 
less than 13 subjects. In the male (No. 11) and in the female (No. 22) 
it was represented by a muscular belly distinct from those of the longior 
and brevior, an arrangement which has been recorded by Albinus, Meckel, 
and Theile. In the left arm of the former subject, the muscular slip left 
the origin of the longior ; and the tendon, after crossing between that of the 
longior and the radius, gave off a slip to the tendon of the brevior, and 
was finally inserted into the index metacarpal inside the longior. It was 
in the right arm of this subject that the radial extensors were blended, as 
before described. In the males (Nos. 2, 5, & 16) and in the females (Nos. 
27 & 34), intermediate tendinous slips came off from both the longior and 
brevior (see fig. 7 2). A similar case is recorded by Bergman (Handschr. 
Notiz.) and quoted by Henle. In Nos. 2 & 5 these slips simply joined 
together to be inserted into the index metacarpal inside the longior. In 
the right arms of Nos. 16 & 27, the slips crossed each other without join- 
ing, to be inserted with the opposite longior and brevior tendons respec- 
tively. In the right arm of No. 34, two slips from the longior and one 
from the brevior united in a single tendon, which subdivided to be inserted 
with the longior and brevior respectively, as in the Ruminants. In the 
left arm of No. 27 the double slips united into one, which crossed under the 
tendon of the brevior to be inserted into the middle metacarpal bone on its 
inner or ulnar side. In four males (in Nos. 4 & 15 in both arms, and in 
12 & 18 in the left arm only) and in two females (in the left arm of 
Nos. 30 & 34) the slip passed from the longior above to the insertion of 
the brevior below. ‘This form of divergence has been recorded by Albinus 
and Scmmerring. In another female (No. 23) the slip passed from the 
brevior above to the longior below, 

Out of 102 subjects, viz. 68 males and 34 females, the extensor carpi ra- 
dialis intermedius has been found complete or incomplete in 32, 19 males 
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and 13 females ; 7. e. a considerable majority proportionately in the latter 
sex. In 18 it was found in both arms; in 5 in the right ; and in 9 in the 
left only. 

26. Extensor carpi radialis brevior.—In 16 subjects out of the 36 of 
the present year, the tendon of insertion of this muscle was implanted 
upon the adjacent part of the base of the second metacarpal, as well as 
upon that of the ¢hzrd, its normal insertion. In two of these (Nos. 15 & 
16) this insertion was made by a short but distinct slip. In all the others 
there was no division of the tendon at its insertion. In the right arm of 
the females (Nos. 29 & 30) the tendon gave off a slip from its inner side 
to the origin of the third dorsal interosseous muscle, showing a disposition 
to the formation of an insertion into the base of the fourth metacarpal, as 
recorded by Albinus (Hist. Muse. p. 446), and quoted by Macwhinnie. 
In the Iguana tuberculata, Mivart describes the single radial extensor as 
inserted by three tendons into the second, third, and fourth metacarpal 
bones. Thus, at intervals, there are found in the human arm, slips from 
the radial extensors to the four outer metacarpals, the extensor ulnaris 
providing for the fifth. In his paper in the first Number of the ‘Jour- 
nal of Anatomy and Physiology’ (Nov. 1866), the author showed the 
occasional occurrence of a special flexor also for each of the metacarpals. 

The above insertion of a slip of the brevior into the index-metacarpal is 
the first indication of that form of intermedius which passes from the 
brevior ¢o the longior. The latter muscle and tendon, however, seem more 
prone to this fissuring or differentiation than the former. 

27. Extensor communis digitorum.—In two subjects, abnormalities of 
this muscle resulted from a division of its muscular belly. In Nos. 5 & 
13, males, it gave a separate belly to each tendon—as recorded by Albinus, 
Brugnone, and Meckel. In the female (No. 30) the indicial portion only 
was provided with a distinct belly,—as mentioned by Henle. In two males 
(Nos. 7 & 15) and three females (Nos. 24, 33, & 36) there was a multi- 
plication of its tendons. In the female (No. 24) there were in both arms 
two tendons to the middle digit. In both arms of the male (No. 15) there 
were two to the little finger. In the left arm of the male (No. 7) there 
were two each to the ring- and /ittle digits; while in the right arm were 
two each to the zmdew and Wi¢éle fingers, and no less than four to the ring- 
digit. In the left arm of the female (No. 36) there were two each to the 
index, middle, and ring-fingers ; while in No. 33 there were two each to 
the middle and ring. On the right hand of the last was a small fusiform 
muscle, ending in a tendon, which was implanted upon the fascia covering 
the first interosseous muscle. All these abnormalities find a parallel in 
those of the extensor longus digitorum pedis. The most noteworthy is 
the last, which resembles the slip given off from the tendon in the foot to 
one of the metatarsals, described in the author’s last paper as resembling 
the formation in the Sloths and some Reptiles. 

In the left arm of a muscular female (No. 27), a large slip of negate 
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and tendon from the common extensor passed outwards, in the oblique 
groove of the radius, to be united with the tendon of the extensor secundi 
internodii pollicis at the base of the first phalanx (fig. 7a). This very 
rare abnormality had its parallel also in the foot, in 


: Fake : Fig. 7 
a slip from the extensor longus digitorum pedis to (Subject No. 27.) 


join the tendon of the extensor proprius hallucis, de- 
scribed in last year’s paper. In both arms of a fe- 
male (No. 25) a similar tendinous slip joined the \ « 
tendon of the indicator. This also occasionally has 
its homologue in the foot in a double tendon to the 
second toe. 

28. Extensor minimi digitt.— With only two ex- 
ceptions out of the 36 subjects, this muscle pre- 
sented a multiplication of its tendon; and in three 
instances a complete double muscle was present. In 
the latter instances, all of which were in males (Nos. 
1, 14, & 17), and in both arms, the tendon of the 
abnormal muscle divided into two slips, one of which 
jomed the extensor aponeurosis of the ring-finger. 
A double muscle has been found by the author in 
4 males out of 68, and in 1 female out of 34, in all 
on both sides. In both arms of the male (No. 10) 
and the female (No. 34), and in the right arm of 
No. 32, the extensor of the little finger was provided 
with three tendons, one of which was furnished to 
the ring-digit. In the right arms of the male (No. 
11) and the female (No. 20), and in the left arm of 
the male (No. 13), the muscle was provided with 
two tendons; one of which went also to the ring- 
digit. Thus, in 9 subjects, viz. 6 males and 3 fe- 
males, out of the 18 of each sex, the ring-digit re- 
ceived a tendon from the extensor of the little finger, 
as well as one from the common extensor. In all 
the instances the latter was placed superficial to the 
former, constituting a- close resemblance to the 
second or ulnar extensor muscle often met with in 
the lower animals. 

Out of 68 males this insertion has been found in 9, and out of 34 
females in 4; of these 9 (including 7 males) were found on both sides, 
3 in the right, and 1 in the left arm only. 

In 28 out of the 36 subjects in the Table, the tendon of the extensor 
minimt was simply doubled, doth being inserted into the fifth digit. 
Eleven males and 8 females were so provided in both arms, 2 males and 
1 female in the right arm only, and 6 females in the left arm only. This 
has been found to be the case altogether in 25 out of 68 males and in 18 
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out of 34 females in 102 subjects—a proportion of 43 per cent. In 32 it 
was in both arms, in 4 in the right, and in 7 in the left only. It seems to 
be the first point of transition of a slip to the ring-finger. 

In the left arm of the male (No. 7), the extensor minimi digiti was 
entirely wanting. It was, however, amply substituted by three tendons 
from the common extensor. 

29. Extensor carpi ulnaris.—In 5 males and | female this muscle sent 
forward a slip of its tendon to be attached to the extensor aponeurosis of 
the little finger. In 2 males and 1 female this occurred in both arms, and 
in three males in the right arm only. In another male (No. 6) anda 
female (No. 31), this slip was present, but reached only as far as the head 
of the fifth metacarpal bone, into the upper border of which it was im- 
planted. 

This curious homologue of the peroneus quinti of the leg has been 
found by the author in 12 per cent. of subjects,—viz. in 10 out of 
68 males (7 of which were in both arms, and 3 in the right only), and in 2 
only out of 34 females (in 1 in both arms, and in the other in the left 
only). Thus it is 23 times as common in the male sex as in the female. 

30. Extensor ossis metacarpt pollicis—In all the 36 subjects of the 
Table, except 1 male and 2 females, this muscle was provided with two 
or more tendons. In the 72 subjects of the Tables of the present and 
last year it has been found to he the case in 49. In the male subject 
(No. 5) the division extended to the formation, in both arms, of two dis- 
tinct muscles, the inner one of which was inserted by a single tendon into 
the base of the pollex metacarpal; and the outer was provided with not 
less than four tendons, three of which were also inserted into the same 
bone, while the other gave part origin to the opponens pollicis. In this 
subject the extensor primi internodii was present, and inserted, with the 
secundi, into the extreme phalanx. In both arms of two males, and in the 
right only of three more, there were three tendons to the muscle, of which, 
in two instances, two were inserted into the metacarpal, and the third into 
the trapezium, or gave part origin to the opponens or abductor pollicis 
muscles. In one subject, one of the tendons was inserted into the meta- 
carpal bone, trapezium, and opponens respectively ; and in another, into the 
metacarpal, opponens, and abductor respectively. In one, the tendon of 
the extensor primi internodii came also from this muscle. In both arms 
of two females and in the left arm of a third, two of the tendons went 
to the metacarpal bone, and the other to the trapezium and abductor, or 
to the latter only. In the opposite arms of those subjects in which three 
tendons were found on one side only, there were always two tendons—one 
inserted into the metacarpal, and the other into the opponens and abductor 
pollicis. ; 

In 24 subjects, viz. 9 males and 10 females on both sides, 1 male and 
1 female in the right arm only, and 2 females and 1 male in the left only, 
the tendons of the extensor ossis metacarpi pollicis were ¢wo in number. 
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In 7 of these, both the tendons were inserted only into the metacarpal. In 
14, the supernumerary one was inserted into the trapezium also. In 8 of 
them, slips were given also to the origin of the opponens pollicis; in 3, to 
that of the abductor; and in 4, to both these muscles. In two instances 
only, the second tendon joined the opponens or abductor without being 
connected with the trapezium—much resembling the slip of the exten- 
sor carpi radialis accessorius before described, by producing a digastric 
abductor of thethumb. The latter has apparently been confounded by ana- 
tomists with the abnormality under description. In the Orang-outang, the 
author found the extensor ossis metacarpi pollicis provided with a double 
tendon, one implanted into the trapezium and giving origin to the oppo- 
nens pollicis. In most of the lower species of Monkey and Mammalia its 
tendon is single; its differentiation is therefore an evidence of elevation 
of type. 

31. Extensor primi internodii pollicis.—In six cases the belly of this 
muscle was blended indistinguishably with that of the extensor ossis me- 
tacarpi pollicis. From this sprang three or more tendons, one of which 
was inserted into the base of the first phalanx of the thumb. Three were 
in males, and three in females. Three were in both arms ; two in the right 
and one in the left only. This arrangement has been found in 4 out of 
40 males, and in 4 out of 30 females. 

In 5 males, 1 in both arms, 2 in the right and 2 in the left only, the 
tendon of this muscle was inserted entirely into the ungual phalanz, 
either in conjunction with or by the side of that of the extensor secundi. 

In 3 males and 2 females the tendon, though having chiefly its 
normal insertion, sent forwards a slip to the same destination. This 
last arrangement has been found in 12 subjects out of 70. 

In the male (No. 7) there were two slips of tendons to this muscle 
in the right and three in the left arm; of which two on one side, and one 
on the other, passed forward to join that of the extensor secundi. 

In three subjects both muscle and tendon were entirely wanting—in 
the female (No. 19) in both arms, in the female (No. 22) and in the 
male (No. 14) in the left arm only. Also in the left arm of the female 
(No. 30) the tendon only (apparently from abortive development) was 
represented by a slip reaching from the styloid process of the radius to 
the base of the first phalanx of the thumb, exactly as recorded in a subject 
in the author’s last paper. On the right arm of the same subject the 
tendon was very feeble, and came entirely from among those of the 
extensor ossis metacarpi pollicis. The muscle and tendon have been 
found entirely, or almost wholly wanting in 2 out of 68 males, and in 3 
out of 34 females, a proportion in the latter sex of three times as many as 
in the former. 

32. Extensor secundi internodii pollicis.—In 4 females and 6 females 
the tendon of this muscle was double, both having the normal insertion. 
In 2 males and 2 females it was so found in both arms, in ] male and 3 
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females in the right arm, and in | male and 1 female in the left only. 
In the left arm of No. 22, in which the extensor primi was altogether 
absent, the secundi sent off a substitutory slip to the first phalanx. In 
the left arm of No. 33, a slip from the secundi was given to the first pha- 
lanx, and one from the primi was sent forward to the wngual phalanx, 
forming a mutual compensation (see fig. 8, c, d). 

33. Extensor indicis.—In the left arm of the female (No. 33), the sub- 
ject of many abnormalities, this muscle was found to be quite doubled, a 
tendon from each going to the usual insertion. The tendon only was 
doubled in 3 males in both arms—and in 3 fe- 
males, 1 in both arms, and 2 in the left only. Fig-8 (Subject No. 33). 
In the left arm of a male (No. 15) the muscle 
arose from the radius, carpus, and interosseous 
ligament, and not at all from the ulna. In both 
arms of the female (No. 35) it arose in common 
with an extensor medii digiti, from which also the 
index received a third slip of tendon, in addition 
to those from the double indicator (see fig. 8 a). 
A double tendon or muscle to the indicator has 
been found in 11 out of 102 subjects, viz. :—in 6 
males, on both sides ; and in 5 females—2 in both, 
and 3 in the left arm only. 

34. Extensor pollicis et indicis.—In one male 
(No. 11), in the right arm, and in two females 
(No. 32 & 36), in both arms, were found the 
curious. muscle first described by the author 
under this name. Arising between the extensor 
secundi and extensor indicis, from the hinder sur- 
face of the ulna and adjacent interosseous liga- 
ment and intermuscular septum, the muscle ends 
in a single tendon, which, passing in the common 
extensor sheath, divides on the carpus into two 
tendons. The inner is inserted either separately 
into the base of the first phalanx, or joins the 
common extensor aponeurosis of the index; while 
the other passes outwards to join either the ez- f 
tensor primi or secundi internodii of the thumb. BA 
In both the females its pollex-tendon joined that 
of the secund?, while its index-tendon joined wholly . 
the common extensor in one, and sent part of its 
fibres to the base of the first phalanx in the 
other. 

In the right arm of the male subject (No. 11), the origin of the muscle 
was peculiar and differed from all the other specimens. Instead of 
arising from the ulna with the other muscles, it arose more superficially 
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from the intermuscular septum, between the extensor communis and ex- 
tensor ossis metacarpi pollicis, forming a layer intermediately placed, and 
appearing, at first sight, to be connected with the deep surface of the 
common extensor. Its pollex-insertion was with the tendon of the secundi ; 
and at its indicial it joined the outermost of the tendons of a double indi- 
cator to be inserted into the base of the first phalanx. This origin of the 
muscle seems to form an intermediate link, and to connect it with the 
somewhat similar abnormality of the extensor communis digitorum in 
subject 27 (see fig. 7 a). 3 

35. Extensor medii digitt.—In 2 males (1 in the right arm, and the 
other in the left), and in 4 females (2 in both arms, 1 in the right, and | 
in the left), this muscle was found arising in common with the indicator, 
the lower fibres of which gave off a tendon to be inserted into the base of 
the first phalanx of the middle digit. In 2 females, in both arms, it was 
found as a separate muscle arising, below the indicator, from the ulna and 
interosseous ligament. In the right arm of one of them (No. 28) the 
muscle had a peculiar origin from the intermuscular septum between the 
extensor communis digitorum and supinator brevis, higher and more super- 
ficial than the rest of the deep muscles. Forming a fusiform belly, it 
ended in a long tendon, which was inserted into the extreme or ungual 
phalanx of the middle finger, internal to the common extensor, crossing 
the fibres of insertion of the interosseus. This abnormality, again, has a 
resemblance to the variety of the extensor pollicis et indicis just described 
in the male (No. 11). In both arms of No. 33 (the subject of fig. 8) 
the muscle (6) was distinct and gave off two tendons, of which the inner 
was inserted into the base of the middle digit; and the outer subdivided 
into two slips, one to join the inner tendon of a double indicator, and the 
other to be inserted upon the middle metacarpal fascia. This hand showed 
a remarkable complexity and profusion of the special extensor muscles. 

Out of 102 subjects this special extensor of the middle finger has been 
found 4 times in the 68 males, and 7 times in the 34 females, giving a 
proportionate frequency of nearly four in the latter sex to one in the for- 
mer. It is a muscle constantly present in the Quadrumana. 

36. Extensor brevis digitorum manis.—In 3 male and 3 female sub- 
jects, slips of muscle were found on the dorsum of the hand, arising, 
distinct from the dorsal interossei muscles, from the os magnum or unciform 
bones, and inserted into the common extensor aponeurosis of one or more 
digits. In the right hand of No. 3, and the left of No. 7, males, and in 
both hands of No. 21, a female, there was but oze slip, which was inserted 
with the tendon of the second dorsal interosseus into the middle digit. 
In both hands of No. 2, male, there were three slips, arising respectively 
from without inwards from the os magnum, unciform and cuneiform bones. 
The outer was inserted with the second dorsal interosseus into the middle 
digit—and the two inner on each side of the fifth digit, with the abductor 
and interosseus respectively. In the female (No. 23) there were éwo slips, 
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in both hands, one from the os magnum to the middle digit, and the other 
from the unciform to the ving-digit. In the female (No. 33), the subject 
of the last figure, the right hand, only, showed ¢hree slips, arising from the 
dorsal aspect of the bases of the second, third, and fourth metacarpals 
and their dorsal ligaments, and inserted into the corresponding digits. 

In 68 males this muscle has been found by the author in 7, and in 34 
females in 3—giving nearly an equality in the sexes. In looking over the 
works of the older anatomists, the author finds that short single dorsal slips 
to the index or middle finger had been observed by Albinus, and described 
by him as the “ Musculus extensor brevis digiti indicis vel medii”’ (Acad. 
Annot, lib. iv. cap. vi. p. 28, and tab. v. fig. 3, 1734). A single slip from 
the carpus to the index is described by Gantzer as an indicator biceps 
(op. cit. p. 14), and similar ones by Otto as an “‘ indicator anomalus brevis” 
(Seltene Beobacht. S. 91), arising from the radius in one instance, and from 
the third metacarpal in another. In two other male hands the last-named 
anatomist found a slip from the carpus to the middle finger, which he calls 
the “ extensor anomalus brevis des Mittelfingers.’ Scemmerring, Petsche, 
and Sandifort have described slips which might be confounded with these, 
but which refer rather to the true cndicator giving off an extensor medit 
digitt. In all of them, however, the slips were single, and did not form 
the broad flat muscle described by the author in his former papers. It is 
remarkable that they were all found in male subjects. The short common 
extensor of the digits is represented in the Bradypus tridactylus, in the 
two-toed Anteater, and in the Saurian, Chelonian, and Batrachian Rep- 
tiles, according to Meckel (Anat. Comp. vol. v. pp. 386, 388, & 391, and 
vol. vi. pp. 346 & 351, and Archiv, v. p. 47). 

37. Abductor pollicis.—In 2 males and 2 females this muscle was divided 
into two portions, rather widely separated at their origins from the trape-. 
zium and annular ligaments respectively. In the 2 males and in | female 
this was the case in both hands, and in the other female in the left hand 
only. In the two males there was, in addition, a considerable muscular 
slip from the inner of the two to join the fibres of the opponens pollicis in 
their insertion. 

38. Abductor minimi digiti.—In the right hand of the male (No. 2) a 
separate muscular head from the anterior annular ligament joined the ten- 
don of this muscle at its insertion. In both hands of No. 3 the muscle 
was double, the fexor brevis being absent. In the left arm of No. 11 the 
muscle was arranged in two parts, viz. the normal origin, and a high origin 
24 inches above the wrist. The latter arose by two heads, one fleshy, 
from the fascia covering the flexor carpi ulnaris, and the other tendinous, 
from the tendon of the palmaris longus. These united above the wrist to 
form a fleshy muscle, larger than the normal origin, and placed external 
to it, which became united with it just before its insertion. 

This abnormality has been found in 3 males only out of 102 subjects of 
both sexes examined by the author. It has been described by Scemmerring 
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(op. cié.p. 272). It was also found by Ginther and Milde (Die chirurgische 
Muskellehre, Taf. 30. fig. 5. 18). In the right arm of a muscular soldier 
Gantzer found a fleshy muscle connected with the insertion of the abductor 
minime digiti, arising from the sheath of the flexor-carpi-radialis tendon, 
to which he gave the name of the “‘ accessorius ad flecorem carpi radialem”’ 
(op. cit. p. 12), which was evidently a muscle of the same character as the 
foregomg. Macwhinnie mentions similar high origins of this muscle, 
arising from the tendon of the palmaris longus, as varieties of the last- 
named muscle (op. cit. p.191). This abnormal upward extension of the 
origin of the abductor minimi digiti seems to correspond to the shortest of 
the three muscles representing the ulnar carpal extensor found in the 
Anteater (Meckel, Archiv, B. v. 8. 45, &). In both hands of the female 
(No. 20) the muscle was provided with a double tendon of insertion; and 
in the right hand of No. 33 the whole muscle was divided into two parts. 
39. Interossei mantis. —In both hands of 4 males and 3 females, and in 
the left only of one other female, the “interosseus primus volaris’’ of 
Henle was found. In No. 4 this muscle, as before described, was connected 
at its origin with an accessory slip of the extensor carpi radialis longior 
(see fig.6d). It has been found in 12 out of 102 subjects, usually on 
both sides. In the males (Nos. 3 & 4) the first dorsal was separated 
into two muscles, the abductor and interosseus prior indicis of Albinus. 
40. Sundries.—Besides the scapulo-clavicular and chondro-coracoid 
muscles described in the former part of the paper, in subjects 4 and 13, 
this column marks in the male (No. 7) an abnormality of the infra-sca- 
pular muscle, which consisted in a separate origin and distinct superficial 
position of the fibres derived from the spine of the scapula. In the right 
arm of the female (No. 21) the supinator longus received a large muscular 
slip from the extensor carpi radialis longior, as described with the abnor- 
mality of the latter muscle. On the right side of No. 35 two large fleshy 
slips from the ninth and tenth ribs, and on the left side from the eighth 
also, quite separate and somewhat distant from the rest of the serratus 
magnus, were inserted into the lower angie of the scapula, with the lower 
fibres of that muscle, which reached no lower than the seventh rib. This 
differentiation of the lower fibres of the serratus resembles the depressor 
scapule muscle found in the Birds. The female (No. 36) was remarkable 
for the very rare absence, in the right hand, of the palmaris brevis muscle. 
The remaining sixteen columns are occupied by the abnormal muscles of 
the Leg. The additional lines of variation are partly composed of muscles 
which have not been before especially regarded (such as the pyriformis, 
gemelli, and opponens minimi digiti) and partly of more numerous speci- 
mens of abnormalities presented by those which were before comprised in 
the column of sundries (as the plantaris, peroneus brevis, and adductor 
hallucts). 
41 & 42. Pyriformis and Gemelli.i—in 3 males and 1 female the ten- 
don of the pyriformis was blended with that of the obturator internus 
WOb. KVL. 2 Xx 
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and inserted with it into the groove of the great trochanter. In one of 
these males (No. 4), and in the female (No. 19), the superior gemellus, 
which usually intervenes, was entirely absent on both sides, and in one 
other male (No. 17) on the right side only. In the other instances it was 
inserted into the common tendon. On the right side of the female (No. 19) 
the inferior gemellus was also absent. In two females the pyriformis 
muscle was divided into two parts, between which passed a portion of the 
great sciatic nerve. This is a frequent and striking abnormality usually 
noticed by anatomical writers upon the subject. 

43. Plantaris.—In the right leg of the male (No. 3) a double muscular 
belly was found, both joining a single tendon rather larger than usual. In 
both legs of the female (No. 22) a muscular slip, nearly equal in size to 
the normal belly, passed from the inner side of 
its origin to be inserted upon the posterior liga- Fig. 9 (Subject No. 7). - 
ment of Winslow, close to the insertion of the semz- 
membranosus-tendon, and under the inner head of 
the gastrocnemius. This curious slip appeared to 
be an instance of a development of muscular fibres 
in the substance of a tendon, similar to that un- 
usual one which is seen in the tendon of the pe- 
roneus quinti (fig. 10). In its origin and direc- 
tion, however, it has some resemblance to the 
third head of the gastrocnemius muscle found in 
the left leg of the male (No.7), and marked in 
the Table among the sundries (col. 56). It may, 
perhaps, be most convenient to describe it in this 
place. A fleshy tapering head of muscle of con- 
siderable size arose from the middle portion of the 
popliteal surface of the femur just above the con- 
dyles (fig. 9,a). Opposite to the knee-joint it 
was joined on the outer side by a broad tendinous 
slip (6), arising from the posterior ligament of 
Winslow close to the plantaris muscle (c). The 
two on joining, formed a considerable bundle of 
muscular fibres, which, increasing slightly as it 
descended, joined the inner head of the gastrocne- 
mius just before its union with the outer. This 
abnormality resembled in some ‘respects that de- 
scribed by R. Quain (plate 80. figs. 4 & 5), in 
which a third head, arising from the outer femoral 
condyle, crossed the space between the popliteal 
artery and vein, and finally joined the deep sur- 
face of the outer head. Henle also describes a 
third head, arising from the popliteal surface 
of the femur, and ending in a cylindrical tendon which spread out 
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and united with the pomt of junction of the soleus and gastrocnemius 
(Muskellehre). Theile also met with such a supernumerary head (op. cit. 
p- 316). 7 

44. Flexor longus digitorum and lumbricales pedis.—In 2 males (Nos. 
4 & 12) and 4 females (Nos. 22, 27, 29, & 30) the tendon of the flexor 
longus digitorum gave a considerable slip in the sole to join that of the 
flexor longus hallucis, as well as received one fromit. In 1 male it was found 
im both feet; and in the other, as well as in 3 out of the 4 females, in the 
right foot only ; in the remaining female it was present in the left foot only. 

This slip has been especially noted only in the present year, and returns 
an average of about 18 per cent. Schultze of Rostock found it in 29 sub- 
jects out of 100, and usually on both sides (Zeitschrift fiir wissenschaft. 
Zool. xvii. 1). Nearly the same proportion was found by Turner in 50 
subjects (Edinb. Phil. Trans. xxiv.). The slip did not in our subjects 
seem to be in any way compensatory for any want of size in the tendon of 
the flexor hallucis ; for in one female (No. 22) that tendon was unusually 
large even before the junction. In the female (No. 27) the flexor hallucis 
received also a slip of reinforcement from the flexor accessorius. In the 
foot of No. 29, female, the perforating tendon to the second toe was derived 
wholly from that of the flexor hallucis, the common flexor supplying only 
the three outer toes. In the right foot of the male (No. 11) the perfora- 
ting common flexor of the third toe gave off a slip of reinforcement to the 
perforated opposite to the base of the metatarsus. 

In the male (No. 1) the fourth lumbricalis was absent in both feet. In 
the left foot of No. 9 the same muscle was double and bifurcated, and 
inserted into the contiguous sides of the fourth and fifth toes. In No. 8 
the third lumbricalis was double in both feet, and inserted into the con- 
tiguous sides of the middle and fourth toes. 

According to Froment (op. cit.), varieties in the pedal lumbricales are 
very rare. Gantzer had previously stated the same thing (op. cit. p. 17). 
In the notes of Scemmerring, quoted by Theile, Behrends is said to have 
observed the absence of the two middle ones. Rudolph, quoted by Gantzer 
(op. cit.), found the third absent in the left, and the fourth in the right 
foot of a muscular male. 

Out of 102 subjects examined, the second lumbricalis pedis was found, 
in one, absent on both sides; in one, the ¢hird arose from the tendon of 
the perforatus instead of the perforans; in another, it was double on both 
sides; the fourth was absené in three subjects—in one on both sides, in 
one in the right, and in one in the left foot only ; in one the same muscle, 
in both feet, was doubled, bifurcated, and inserted into contiguous sides 
of the corresponding toes. This gives a proportion of only 7 per cent. of 
abnormalities in these muscles, contrasting widely with the frequency of 
irregularity of the same muscles in the hand. 

45. Flexor longus hallucis.—In both feet of a male (No. 17) the tendon 
of this muscle gave no slip to that of the common flexor. In both feet of 
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a female (No. 31) the slip was, on the contrary, unusually large. In the 
right foot of another (No. 27) it received a considerable slip from the 
flexor accessorius, as well as from the common flexor. In a third (No. 29) 
it supplied the whole of the perforating tendon to the second toe, after 
receiving only a very small slip of fibres from the common flexor. 

46. Hxtensor primi internodii hallucis longus——In all the 18 males ex- 
cept two, and in 13 out of the 18 females, the base of the first phalanx of 
the great toe was the point of insertion of a more or less considerable slip 
of tendon, described by the author in former papers under the above name. 
In all except three it existed in both feet, in two in the right foot, and 
in one in the left only, exhibiting an unusual uniformity in this respect. 

In 3 males (Nos. 5, 7 & 11) the tendon was derived from that of the é207- 
alis anticus, leaving it a little above the ankle. 

This curious parallel to the peroneus quinti on the outside of the foot, 
had been previously found by the author in five other male subjects—in 
four in both feet, and in one in the right only. The frequency of its 
occurrence is in about 8 per cent. of subjects, although this variety seems 
to have escaped the observation of anatomists. In the male (No. 15) the 
tendon existed in the right foot only, as a well-defined and strong fibrous 
band connected with the anterior ligament of the ankle-joint, with a distinct 
insertion into the first phalanx of the great toe. It was totally unconnected 
with any other tendon. This instance presents a curious parallel to the like 
occasional abortive development of the homologous tendon in the hand, viz. 
the extensor primi internodii pollicis, which has been described in these 
pages as having been found, in two instances, connected solely with the 
styloid process of the radius, close to the posterior ligament of the carpus. 

In all the rest of the subjects in which this tendon was found, it was an 
offset of that of the extensor proprius hallucis, and was inserted either 
singly into the middle of the dorsal border of the base of the first phalanx, 
or joied with the innermost tendon of the extensor brevis digitorum in 
the same insertion. Sometimes it was connected separately with the lower 
muscular fibres of the proprius, which showed, by a disposition to separate 
from the rest, a tendency to form a separate muscle, such as that described 
by the author in his former papers, and recorded by Meckel (Archiv, Bd. v. 
S. 117), and mentioned by Theile and Henle (Muskellehre, 8. 277). The 
slip of tendon from the extensor proprius is recorded by Scemmerring (op. 
cit. p. 323) and by Walther (in Haller’s Disp. Anat. Select. vol. vi. p. 559). 

47. Extensor longus digitorum pedis.—In No. 1, male, this muscle 
divided into four separate bellies, one to each tendon. The outermost was 
joined by two slips from that of the peroneus tertius, which was split into 
three parts. In the left leg of the male (No. 6) a tendon of reinforcement 
was given off in the opposite way, viz. from the outermost of the extensor 
longus to the middle of the upper border of the fifth metatarsal bone. In 
the right leg of the female (No. 35) the same abnormality occurred in the 
shape of two tendons to the fifth metatarsal. 
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Nearly the same arrangement was found in both legs of a male last year, 
making a proportion of 3 in 70 subjects. It was found, according to 
Meckel, in the Sloths and Reptiles. 

In the female (No. 33) a slip was given from the second tendon of the 
extensor Jongus to that of the extensor drevis, as found ina male in last 
year’s series. This was noticed by Macwhinnie (op. ci¢. p. 195) joining 
the great-toe tendon of the brevis. 

48. Peroneus tertius.—In 15 subjects, viz. 8 males and 7 females, this 
muscle presented abnormalities of various kinds. The most conspicuous 
was its entire absence in the right leg of one male (No. 8) and two females 
(Nos. 21 & 23). In the left leg of the male its tendon was very small, and 
was lost upon the fourth interosseous fascia and muscle, not reaching the 
metatarsus. 

Out of 68 males this muscle has been found to be absent in 5, and out 
of 34 females in 5 also, giving a proportionate frequency of deficiency 
exactly double in the females. In the 5 males it was wanting in 1 on 
both sides, in 3 in the right, and in | in the left leg only. In the 
5 females it was wanting in 1 on both sides, in 3 in the right, and in 
1 in the left leg only. It would thus seem to be absent most frequently 
in the right leg. In the only instance in which the left leg only is 
recorded, the representative in the right leg was a mere slip from the 
extensor-communis-digitorum tendon, which could scarcely be called a 
peroneus. This muscle is uniformly adsen¢ in the Quadrumana and all 
the lower animals, and appears to subserve especially the erect position 
peculiar, among mammals, to the human subject. 

In both legs of the male (No. 1) and in the right leg of the female 
(No. 35) the tendon of the peroneus tertius gave off slips of reinforcement 
to the outermost tendon of the extensor longus digitorum, in front of the 
ankle. In both legs of No. 16 a similar slip joined that of the extensor 
brevis. In 5 males and 4 females it was provided with two tendons or 
split. In both legs of No. 4, and in the right leg of Nos. 5 & 9 (males), 
both the tendons were inserted separately into the fifth metatarsal bone, 
one close to its base, and the other about its middle. In the right leg of 
Nos. 7 & 9 (males), and No. 27 (female), in the left leg of No. 8 (male), 
and in both legs of No. 29 (female), one of the double tendons, or a slip 
from a single tendon, passed forward to join the fourth interosseous fascia 
or muscle. In both legs of No. 18 (male), and in the left of No. 19 
(female), the tendon of the peroneus tertius was implanted wholly upon 
the fourth instead of the fifth metatarsal bone; and in both legs of No. 34 
(female) it was mainly inserted into the fourth, giving off a slip only to 
the fifth. 

Altogether in 102 subjects these varieties of redundancy were found to 
be half as many again in males as in females, contrasting widely with the 
greater frequency of deficiency in females before described. 

49. Peroneus brevis.—In the male (No. 3) the posterior fibres of this 
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muscle were connected with a distinct tendon, rather smaller than the normal 
one, which, passing in the groove and sheath of the peroneus longus, was 
implanted upon the outer margin of the cuboid bone behind its peroneal 
groove. A similar instance has been recorded by Macalister. It is of the 
same character as the peroneus quartus of Otto, which was inserted into 
the calcaneum. 

The peroneus quartus has been found twice in 70 subjects by the author. 
Meckel describes it in the Kangaroo. In 1 male and 1 female the tendon 
of the brevis was found, in both legs, to give off a slip of remforcement 
to that of the ¢ertius. 

50. Peroneus quinti.—This variety, constituted usually, in the human 
subject, by a slip of tendon from that of the peroneus brevis, given off 
below the outer ankle and joining the extensor aponeurosis of the little toe, 
was found in the male (No. 11) to have developed upon it a complete, 
distinct, and fusiform muscular 
belly (fig. 10 a), exactly like Fig. 10 (Subject No. 41). 
that described in the author’s 
paper of 1864, and also by Hal- 
lett in his paper in the Edin- 
burgh Medical and Surgical 
Journal of 1848. The pe- 
roneus tertius (6) was present 
and normal, and the tendons of 
the extensor brevis digitorum 
(c) complete. 

In 7 males—4 in both legs, 
1 in the right, and 2 in the left 
only—the tendon of the pe- 
roneus quintt was complete, 
reaching to the extensor apo- 
neurosis of the little toe. The 
same was the case in 4 females, 
2 on both sides and 2 on the 
left only. In 2 males in both 
legs, and in 6 females, of which 
4 were in both legs, 1 in the 
right, and 1 in the left only, the tendon, after parting from the peroneus 
brevis in the usual way, became spread out in front and lost upon the upper 
border of the fifth metatarsal bone about its middle—an incomplete 
arrangement, said by Mr. Davis to be found also in the Civet Cat (Journ. 
of Anat. and Physiol. May 1868, p. 217). 

Out of 102 subjects, in the 68 males the complete muscle has been 
found once, the complete tendon in 18, and the incomplete tendon in 9, 
making 24 in the males. In the 34 females the complete tendon has been 
found in 5, and the incomplete form in 8, making 13 in the females. This 
gives about an equal average in the two sexes. 
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51. Extensor brevis digitorum.—in 4 males the tendon from this muscle 
to the second toe was found doubled ; 1 was found on both sides, 2 in the right 
foot, and 1 in the left only. In 3 females the same arrangement occurred ; 
in 1 in both feet, in 1 in the right, and in 1 in the left only. In 2 of the 
males (Nos. 4 & 8) the supernumerary tendon was inserted separately into 
the base of the first phalanx. In the rest it joined, like its fellow, the 
extensor aponeurosis. In the right foot of one male (No.3) and one 
female (No. 22) the fibres of the muscle to the second toe gave a tendinous 
slip to the first interosseous muscle and fascia. ‘This is doubtless an im- 
perfect form of the same abnormality. 

Out of 40 males the former arrangement has been found in 6, and the 
latter in 3; in 30 females the former was found in 3, and the latter in 1,— 
giving a total of 13 in 70 subjects. 

52. Abductor ossis metatarsi quinti.—This muscle, first described and 
figured by the author in his paper of 1864, arising from the outer tubercle 
of the calcaneum, and inserted into the tubercle at the base of the fifth 
metatarsal bone, covered and concealed by the abductor minimi digiti and 
the insertion of the peroneus brevis, has been found this year in 19 subjects 
out of the 36, viz. in 11 out of the 18 males and in 8 out of the 18 females. 
Of the males, 5 were found in both feet, 3 in the right, and 3 in the left 
foot only. Of the females, 5 were found in both feet, 1 in the nght, and 
2 in the left foot only. It has been described by Professor Huxley and 
Mr. Flower in the foot of the Gorilla and Chimpanzee, and has been found 
by the author in that of the Orang-outang and Bonnet-Monkey ; and also, 
lower in the scale, in the Cat, Hedgehog, and Squirrel he has found evi- 
dences, though less distinct, of its presence. It is figured by Strauss- 
Durckheim in the anatomy of the Cat. Mivart and Murie describe it in 
the Hyrax, and the former observer also in the Iguana tuberculata. In 
the Kchidna also are fibres answering to this muscle. Meckel describes a 
similar muscle in the Makis, the Brown Bear, and the Coati. 

Out of 63 males the author has found this muscle in 27, viz. in 19 in 
both feet, im 4 in the right, and in 4 in the left foot only; out of 34 
femules he has found it in 16, viz. in 10 in both feet, in 3 in the right, and 
in 3 in the left foot only,—giving a proportion of about 43 per cent. of all 
the subjects, and a frequency of 1 in the male to 17 in the female sex. 

53. Flexor brevis digitorum pedis.—In 3 males and 3 females (in one 
of the former in both feet, and in 2 in the right foot only, and in 2 of the 
latter in both feet, and in the other in the right foot only) the outermost 
tendon of this muscle to the little toe was absent, as in the Quadrumana. 
In some, a substitutory slip of muscle, arising from the corresponding ten- 
don of the perforans or long flexor, was discovered, but often no trace of 
a perforatus tendon could be found in the digital sheath. In the right 
foot of the male (No. 8) a slip of tendon from the perforans of the middle 
digit became blended with the perforatus at the metatarso-phalangeal joint. 
In the same foot a well developed fusiform muscle arising from the tendon 
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of the perforans supplied the perforated tendon of the little toe. In the 
right foot of No. 11 a long slip from the flevor-longus-digitorum tendon 
joined that of the flexor brevis going to the middle toe—as before described 
with the varieties of the former muscle. In the left foot of the same sub- 
ject a similar tendinous slip to the flexor brevis tendon of the middle toe 
arose from the fibres of the accessorzus. 

Out of 68 males the outer tendon of the flexor brevis digitorum has been 
found absent in 10, viz. 6 in both feet, 3in the right, and 1 in the left 
only. Out of 34 females it has been found absent in 5, viz. in both feet in 
4, and in 1 in the right only. This gives a proportion of 15 per cent. and 
an exact equality in the two sexes. In 4 of these, viz. 3 males and 1 
female, a substitutory slip of muscle and tendon arose from the corre- 
sponding tendon of the perforans, as in the Quadrumana. In ene this was 
connected partly with the fibres of the accessorius, and partly had a separate 
origin from the tubercle of the caleaneum. 

54. Abductor hallucis.—A considerable slip from this muscle to the 
second toe, arising with the front fibres, and inserted into the base of the 
first phalanx, as first found and described by the author in his paper of 
last year, was seen this year in three males and one female. In one of the 
males and in the female it was found in both feet, in one male in the right 
foot, aud in the third in the left foot only. A similar slip is said by Meckel 
to be found in the foot of the White Bear. 

Out of 40 males this slip has been found in 5, in 2 in both feet, in 1 
in the right, and in 1 in the left foot only. Out of 30 females it has been 
found in | only, in both feet. 

55. Opponens minimi digitti.—This muscle, first poimted out by Henle 
as frequently present im the human foot, has been noted this year in 6 sub- 
jects out of 36, in 1 male and 5 females. In 4 it was found in both feet, 
in 1 in the right and in | in the left foot only. In 1 female in last year’s 
series it was found, remarkably large, in both feet. The author has found 
this muscle largely developed in the Orang. In the Bonnet-Monkey it 
was not present. It is figured in Cuvier and Laurillard’s plates as very 
large in the foot of the Lion and Panther. 

56. Sundries.—Besides the three-headed gastrocnemius already de- 
scribed, we have in this column, in the male (No. 4), an entirely detached 
portion of the zdiacus internus, arising from the middle of the iliac crest 
by a thin tendinous aponeurosis, forming a flat muscular slip, which was 
inserted into the common tendon of the psous and zliacus muscles. In 
both feet of the female (No. 20) the abductor minimi digiti was provided 
with two distinct tendons. In the left leg of the female (No. 22) a con- 
siderable fleshy slip from the adductor brevis jomed the tendon of the 
obturator externus. In the right foot of the female (No. 27) the tendi- 
nous slip from the insertion of the ¢idialis posticus to the outer cuneiform 
bone, which usually gives part origin to the flexor brevis hallucis, passed 
wholly into that muscle without being connected with the cuneiform. In 
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the left leg of No. 29 a considerable muscular slip passed from the origin 
of the pectineus muscle across the deep femoral artery to join the fibres of 
insertion of the adductor longus. This slip was noted in two subjects in 
last year’s series. It is also mentioned by Maewhinnie (op. cit. p. 194), 
and is found in some of the Quadrumana, Carnivora, and Rodents. 

In the right leg of the female (No. 33) was found a complete specimen 
of the flexor accessorius digitorum longus pedis, arising by a single penni- 
form belly from the lower third of the outer border of the fibula and the 
posttibial fascia, and ending in a tendon which joined that of the flexor 
digitorum longus at the point where the normal “massa carnea Sylvii” 
was connected with it. 

This abnormal muscle has been found in 4 male subjects out of 68, 
and in 1 female out of 34. In all it arose from the lower third of the 
fibula and the fascia covering the flexor longus hallucis. In 3 of the 
males it was found in both legs. In the fourth male and in the female it 
was found in the right leg only. 

On reviewing the foregoing 18 males and 18 females with reference to 
the Table, it will be seen, as might be expected, that the greatest absolute 
number of abnormalities in the vertical columns (reckoning both sides as 
one) is found in those muscles the variations of which have been hitherto 
best known to anatomists. These have been noted to ascertain simply 
their exact frequency. 

Of supernumerary tendons of the extensor minimi digitt and extensor 
ossis metacarpt pollicis there are 33 imstances—1 only of the males and 
2 of the females, and these latter in the same individuals presenting the 
single insertion described in most anatomical manuals. The coronoid 
origin of the flexor pollicis longus is seen in 27 subjects, only 5 males 
and 4 females not possessing it. Slips of junction with the flexor pro- 
fundus digitorum were found in 3 subjects. The extensor primi inter- 
nodit hallucis longus is found in 29 subjects, only 2 males and 5 females 
not possessing it. The peroneus quinti tendon is found in 20 subjects, 
10 in each sex. Next comes the abductor ossis metatarsi quinti in 19 
subjects, 11 of which are males—a much larger proportion in that sex than 
was found in last year’s series. The extensor carpi radialis brevior and 
primi internodii pollicis each give 18 abnormalities, 9 of which in the latter 
muscle were instances either of partial amalgamation or total absence, 4 in 
males and 5 in females. The peroneus tertius presents abnormalities in 
15 subjects, 2 of which are instances of total deficiency, and both of them 
in femaies. This is curious when compared with the greater frequency of 
absence in the same sex of the extensor primi internodii pollicis. Both 
these muscles are eminently human muscles, and are never found even in 
the highest of the Simiade. The absence of the two muscles does not, 
however, seem to be correlated; it is not found in the same individual in 
any of the cases. The cleido-occipital, palmaris longus, aud flexor profun- 
dus digitorum come next in frequency, each in 14 subjects, and nearly 
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equally in the two sexes. The extensor carpi radialis longior (with the 
accessorius) and the extensor communis digitorum are found abnormal in 
12 subjects, and the extensor secundi internodii in 11. These numbers 
accord, relatively and proportionately, pretty closely with their parallels in 
last year’s series. 

The greatest number of abnormalities in each subject is found in the 
males :—No. 7 having no less than 25 (the greatest number, it is believed, 
ever found in one subject), of which 17 are in the arms, and 5 only in the 
legs; and No. 11 having 24, of which 14 are in the arms and 6 in the legs. 
No. 17 has 20, of which 13 are in the arms and 7 inthe legs. In all these 
the greatest number is found in the arms. But, on the other hand, we 
find that No. 4, having also 20 abnormalities, has 9 in the arms and 10 in 
the legs. 

Of the females, No. 33 has 20 abnormalities, of which 15 are in the 
arms and 5 in the legs; while No. 29 has also 20, of which 11 are in 
the arms and 8 in the legs. In some, the proportion of the number of ab- 
normalities in the arms to those in the legs is even greater than the above— 
as, for example, in the males No. 10 (in which it is 11 to 1), No. 13 
(12 to 2), Nos. 2 & 6 (10 to 2), and in the females No. 31 (12 to 2), 
and No. 23 (10 to 2). In the male No. 1 the abnormalities in the arms 
and legs are equal, 6 in each; and in the female No. 21 they are also 
nearly equal, 8 in the arms and 7 in the legs. In only one subject, the male 
No. 8, is the number of abnormalities in the legs (8) greater than that 
in the arms (4). The smallest number of abnormalities is in No. 14 (male), 
viz. 5 in the arms and 2 in the legs; and in No. 26 (female), 1 proper 
to the head, 2 connected with the arms, and 1 in the legs. 

In estimating the total number of abnormalities, both sides of the body, 
when alike or nearly alike, and complications affecting mutually two or 
more neighbouring muscles, are, for the sake of convenience, reckoned as 
one instance. 296 are found in the 18 males, and 262 in the 18 females, 
making a grand total of 558. Of the 296 in males, 13 are found in the 
muscles proper to the head and neck, 24 in those connected both with 
the head and neck and arm, 182 belonging to the avms only, and 77 to 
the legs only. Of the 262 in females, 7 are found in those proper to the 
head and neck, 16 in those connected with the head and neck and arms, 
168 belonging to the arms only, and 71 to the legs only. 

The proportion of those in the arms to those in the legs in the two 
sexes is much more nearly equal in this year’s than in last year’s subjects 
(in which the latter predominated), and amounts to about 5 in the arms 
to 2 in the legs. All the dines of variation observed in former years, ex- 
cept the occipito-seapular, supracostalis, and a few other less important 
muscles, have been noted in this year’s series. © 

Of the 296 abnormalities found in the 18 males, 173 have been found 
on both sides, 62 on the right side only, and 61 on the left side only, 
making 123 single or one-sided specimens. Of the 262 found in the 18 
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females, 138 have been found on both sides, 55 on the right side only, 
and 69 on the left side only, making 124 single or one-sided specimens, 
and giving rather fewer on the right and more on the lefé side than in the 
males. In the females, also, it will be observed that the proportion of the 
abnormalities found on both sides to those found on one side only in the 
same sex, is much Jess than in the males. This is found to depend upon the 
smaller number found in both arms of the female, viz. 96 in the females 
to 125 in the males, while the number found in the left arm only of the 
females is 51 compared with 38 in the males; and that found in the right 
arm only of the females is 29, compared with 36 in the males. On the 
other hand, the number found in the left Jeg only in the female is but 10, 
in comparison with 13 in that of the male, and with 20 in the right leg 
only of the former sex. 

The disproportion in this particular comes out still more markedly when 
the whole number of 102 subjects comprised in the Tables of the three 
last years, viz. 68 males, and half that number, or 34 females, is taken into 
consideration. 

The number of abnormalities in the 68 males is 414 on both sides, 108 
on the right, and 101 on the lef¢ side only, making 209 one-sided speci- 
mens. The number of abnormalities in the 34 females is 209 on both sides, 
68 on the right, and 81 on the left side only, making 149 one-sided spe- 
cimens. 

Thus in the females we find a proportionate preponderance to the 
amount of about 45 one-sided specimens ; and these are mainly composed 
of those on the left side only. 

The total number of abnormalities in the 102 subjects is 981, of which 
623 are in the 68 males, and 358 in the 34 females. The number found 
on both sides is 623, of which 414 are in the ma/es and 209 in the females. 
The number found in the right side only is 176, of which 108 are in the 
males and 68 in the females. The number found on the /ef¢ side only is 
182, of which 101 are in the males and 81 in the females, making a total 
of 358 one-sided specimens. 


XVIII. “On an Easy Method of measuring approximately the In- 
tensity of Total Daylight.” By Rocrr J. Wricut, Esq. Com- 
municated by Professor Sroxss, Sec. R.S. Received May 21, 
1868. 


Aw easy method by which the amount of light may be at any time mea- 
sured and registered appears to be still wanting. I would suggest the 
following plan, by which I believe the desired object may be attained. 

A B is a rod of solid metal, terminated by a heavy base, which keeps the 
rod in aperpendicular position. C D is a hollow tube, blackened inside, of 
such a diameter as exactly to fit and slide over AB. The extremity, B, of 
the rod A B is painted of a snowy white, with a jet-black spot in the centre, 
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as shown in the figure. On AB is marked the scale, beginning with zero 
at A. The tube is pushed over the rod till the extremity C coincides with 
the zero line at A. 


The method of using this instrument is as follows:—Draw the tube 
gently up the rod, at the same time looking steadily at the black spot 
before mentioned. It will be found, as the tube ascends, that the black 
spot will gradually disappear, and ultimately vanish in the gloom; it will 
also be found that on different days, and different hours of the same day, 
the point at which the black spot vanishes will vary with the intensity of 
the light. This point is read off on the graduated scale, and thus we are 
enabled to measure the intensity of the light at any required time. In 
taking an observation, it would be well to state whether that portion of sky 
round the zenith from which the cone of rays proceeds be clear or cloudy. 

It will be seen that the result obtained by this method is not scientifically 
correct, as it will be affected by the eyesight of the person who makes 
the observation, but only in a slight degree. The method of measuring 
light, as just described, has been known to me for upwards of three years. 
The hope that I should some day be enabled to make the instrument 
scientifically correct has hitherto prevented me from making it public. 
As I understand that it is highly desirable to have some means of esti- 
mating the changes in the light which will occur during the total eclipse 
of the sun in August next, I no longer feel justified in keeping in the back- 
ground an instrument which may possiély be of some slight assistance. 
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Cosmical and geological philosophy, in- 
ferences and suggestions in (Second 
series), 72. 

Council, list of, 155. 

Craters, lunar, notice of, 233. 

Crete, account of earthquake in, 162. 

Crofton (M. W.) on the theory of proba- 
bility, applied to random straight lines, 
266 


Crum (W.), obituary notice of, vill. 


Davis (J. B.) admitted, 437. 

, contributions towards determining 
the weight of the brain in the different 
races of man, 236. 
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Davy (J.), obituary notice of, lxxix. 

Dawkins (W. B.) admitted, 155. 

Daylight (total) at Kew and Paré in 1865- 
67, on the chemical intensity of, 41. 

, total, on an easy method of mea- 
ee approximately the intensity of, 
525. 

De La Rue (W.), Stewart (B.), and Loewy 
(B.), researches on solar physics. He- 
liographic positions and areas of sun- 
spots observed with the Kew photohe- 
liograph during the years 1862 and 
1863, 336. 

, account of some recent observations 
on sun-spots made at the Kew Obser- 
vatory, 447. 

Des Cloiseaux (A. L. O.), researches on the 
dispersion of the optic axes m Harmo- 
tome and Wohlerite, proving these mi- 
nerals to belong to the clmorhombic 
(oblique) system, 319. 

Didine bird of the island of Rodriguez, on 
the osteology of the, 428. 

Diet, results of experiments on, 58. 

Di-isopropyl, 34. 

Dobell (H.) on the special action of the 
pancreas on fat and starch, 209. 

Double stars, on the colour of, 32; orbits 
of, 33. 

Duncan (P. M.) admitted, 437. 

Duppa (B. F.) admitted, 258. 

Dupré (A.) and Page (F. J. M.), the spe- 
cific heat of mixtures of alcohol and 
water, 336. 


Earthquake at Canea, Crete, account of, 
162. 

Eclipse, total, of 1868, arrangements for 
observation of, 169. 

——, total solar, of 1868, instructions 
respecting certain observations to be 
made in India, 287. 

Edye (J.), obituary notice of, x. 

Hel, microscopical characters of the rhyth- 
mically contractile muscular coat of the 
caudal heart of the, 343. 

——, the caudal heart of the, a lymphatic 
heart, 230. 

Electric charges, on aself-acting apparatus 
for multiplying and maintaining, 67. 
Electricity, atmospheric, result of obser- 
vations of, at Kew and at Windsor, Nova 

Scotia, 195. 

Electromagnetic force, on a method of 
making a direct comparison of electro- 
static force with, 449. 

Electrotone des nerfs, sur l’origine de, 258. 

Ellery (R. L. J.), description of a pen- 
dulum-electrograph now in use at the 
Melbourne Observatory, 458. 

Equations, addition to memoir on resultant 
of a system of two, 156. 
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Ethers, sulphocyanic, conipounds isomeric 
with (I.), 254. 

Evans (F. J.) on the amount and changes 
of the polar magnetism at certain posi- 
tions in Her Majesty’s iron-built and 
armour-plated ship ‘ Northumberland,’ 
dll. 

Everest (Sir G.), obituary notice of, xi. 

Everett (J. D.), account of experiments on 
torsion and flexure for the determination 
of rigidities, 248. 

, results of observations of atmo- 
spheric electricity at Kew Observatory, 
and at Windsor, Nova Scotia, 195. 

Euler’s constant, calculation of the nume- 
rical value of (2nd supplement),154 ; 3rd 
supplement, 299. 

Exploration of Central Australia, 347. 


Face, human, formation and early growth 
of bones of, 447. 

Fat, special action of the pancreas on, 
209. 

Fellows deceased, list of, 168. 

elected, list of, 1, 163, 419. 

Financial statement, 181. 

Flexure, experiments on, 248. 

Foreign members elected :—T. L. W. Bis- 
choff, R. J. E. Clausius, H. von Mohl, 
S. H. Schwabe, 311. 

Formomenaphthylnitrile, 446. 

Foucault’s governor, 276. 

Frankland (E.) on the combustion of hy- 
drogen and carbonic oxide im oxygen 
under great pressure, 419. 

Frog, on the phenomena observed to at- 
tend the propulsion of lymph from one 
of the lymphatic hearts into a vein in 
the, 335. 

microscopical characters of the rhyth- 

mically contractile muscular coat of the 

lymphatic hearts of the, 342. 


Gamgee (A.), researches on the blood ; on 
the action of nitrites on the blood, 339. 

Gardiner (M.), memoir on ‘‘ Undevelopable 
Uniquadric Homographics,” 389. 

Gassiot (J. P.) on the observations made 
with a rigid spectroscope, by Captain 
Mayne and Mr. Connor of H.M.S. 
‘ Nassau,’ on a voyage to the Straits of 
Magellan, 6. 

ee (J. H.), Royal medal awarded to, 
176. 

Gladstone (J. H.), researches on refrac- 
tion-equivalents, 439. 

Gold-fields of California, notes on the che- 
mical geology of, 294. 

Goodsir (J.), obituary notice of, xiv. 

Governors, on, 270; three kinds of, 272. 

Graham (T.) on the occlusion of hydrogen 
gas by metals, 422, 

Gravatt (W.), obituary notice of, xvi. 
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Gun-cotton, on the stability of, 172. 
Ginther (A.) admitted, 1. 


Hanbury (D.) admitted, 1. 

Hargreave (C. J.), obituary notice of, xvii. 

Harmotome, shown to belong to the clino- 
rhombic system, 319. 

Harris (Sir W.S.), obituary notice of, xviii. 

Harvey (W. H.), obituary notice of, xxi. 

Haughton (Rey. 8.) on some elementary 
principles in animal mechanics, 19. 

Head (Sir E. W.), obituary notice of, xxi. 

Heat, specific, of mixtures of alcohol and 
water, 337. 

Heart, caudal, of the eel, a lymphatic 
heart, 230 ; microscopical characters of 
the rhythmically contractile muscular 
coat of the, 343. 

of the chick, observations on the de- 
velopment of the semilunar valves of 
the aorta and pulmonary artery of, 329. 

Hearts, lymphatic, of the frog, microsco- 
pical characters of the muscular coat of 
the, 342. 

Hedgehog, anatomy of the blood-vessel 
system of the retina of, 439. 

Hennessey (J. H. N.) ona supposed con- 
nexion between the amount of rainfall 
and the changes of the moon, 213. 

Herschel (J.), letter concerning instru- 
ments to be used in India, 293. | 

, observations of the spectra of some 

of the southern nebule, 416. : 

, results of examination of southern 
nebulee with the spectroscope, 451. 

Hofmann (A. W.), a contribution to the 
ee of persulphide of hydrogen, 
437. 

, compounds isomeric with the sulpho- 

cyanic ethers: I. On the mustard-oil of 

the ethyl-series, 254. 

, contributions to the history of 

methylic aldehyde, 156. 

, on anew class of bodies homologous 

to hydrocyanic acid; I.,144; II., 148 ; 

III., 150-155. 

, transformation of the aromatic mon- 
amines into acids richer in carbon: 
II. On menaphthoxylic acid, the naph- 
thaline-term corresponding to benzoic 
acid, 300; III. On menaphtylamine, 
445, 

Homographics, undevelopable uniquadric, 
memoir on, 389. 

Huggins (W.), description of a hand spec- 
trum-telescope, 241. 

, further observations on the spectra 

of the sun, and of some of the stars and 

nebule, with an attempt to determine 
therefrom whether these bodies are 

moving towards or from the earth, 382. 

on the spectrum of Brorsen’s comet, 

1868, 386. 
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Huggins (W.) on the spectrum of comet 
II., 1868, 481. 

Hulke (W.) admitted, 1. 

, note on the anatomy of the blood- 
vessel system of the retina of the hedge- 
hog, 439. 

Hull (E.), admitted, 1. 

Human myology, variations in, 483. 

Huxley (TI. H.), remarks upon Arche- 
opteryx lithographica, 248. 

Hydriodic acid, action of, on opianic acid 
and meconin, 39; on hemipinic acid, 
40. 

Hydrocarbons of the series C” H?”*2, 
researches on the: ill., 34; IV. on 
the relation between boiling-point and 
chemical structure, 367; V. Oxidation 
products, 372. 

Hydrochloric acid, action of, on opianic 
acid and meconin, 39; on hemipinic 
acid, 40. 

Hydrocyanic acid, on a new class of bodies 
homologous to: I., 144; II., 148 ; IIL, 
150. 

Hydrogen gas, occlusion of, by metals, 
422. 

, on the combustion of, in oxygen 

under great pressure, 419. 


Impact of compressible bodies, considered 
with reference to the theory of pressure, 
411. 

India, proceedings of the Council of the 
Royal Society with reference to the 
undertaking of certain physical obser- 
vations in, 2838. 

Intensity of total daylight, on an easy 
method ofmeasuring approximately the, 
525. 


Jenkin’s governor, 275. 

Johnson (P. N.), obituary notice of, xxiii. 

Jones (T.W.), microscopical characters 
of the rhythmically contractile muscular 
coat of the veins of the bat’s wing, of 
the lymphatic hearts of the frog, and 
of the caudal heart of the eel. In three 
parts: Part I. Microscopical charac- 
ters of the rhythmically contractile 
muscular coat of the veins of the web 
of the bat’s wing; Part II. Micro- 
scopical characters of the rhythmically 
contractile muscular coat of the lym- 
phatic hearts of the frog; Part ITI. 
Microscopical characters of the rhyth- 
mically contractile muscular coat of 
the caudal heart of the eel, 342. 

—— on the phenomena observed to attend 
the propulsion of lymph from one of 
the lymphatic hearts into a vein in the 
frog, 335. 

——, the caudal heart of the eel, a lym- 
phatic heart, 230. 


INDEX. 


Kew and Lisbon magnetic curves during 
the storm of February 20-25, 1866, 
comparison of, 399. 

Kurrachee, on the tides of, 414. 


Lassell (W.), remarks on the great nebula 
in Orion, 322. 

ee (J. B.), Royal medal awarded to, 

Lawrence (Sir W.), obituary notice of, 
XXV. 

Lead, refraction-equivalents of, 444. 

Le Couteur (J.) readmitted, 155, 189. 

Lee (J.), obituary notice of, xxx. 

Life, animal, influence of, on composition 
of carbonate-of-lime waters, 189. 

Light, note on the electro-magnetic theory 
of, 449. 

Lightning, the spectrum of, 418. 

Liquids, on waves in, 344. 

Lisbon and Kew magnetic curves during 
the storm of February 20-25, 1866, 
comparison of, 399. 

Logan (Sir W.), Royal medal awarded to, 
79 


Longridge (J. A.) on the resistance of the 
air to rifled projectiles, 263. 

Lowe (E. J.) admitted, 1. 

Lymphatic heart, propulsion of lymph 
from the, into a vein, 335. 


Me¢Clintock (Sir L.) admitted, 419. 

Maclear (Sir T.), verification and exten- 
sion of La Caille’s are of meridian, 
171. 

Maddox (R. L.) on the apparent relation 
of the nerves to the muscular structures 
in the aquatic larva of Zipula crystal- 
lina of De Geer, 61. 

Magnesium, refraction-equivalent of, 444. 

Magnetic declination, on the lunar-diurnal 
variation of, 59. 

—— disturbances, comparison of, with 
terrestrial galvanic currents, 249. 

—— storm of Feb. 20-25, 1866, com- 
parison of magnetic curves of, at Kew 
and Lisbon, 399. 

Magenetical instruments, self-recording, 
at Melbourne, 170. 

, self-recording, for observatory at 
Bombay, 170. 

Magnetism, terrestrial, contributions to 
(No. XI.), 480. 

Maitland (S. R.), obituary notice of, xxxi. 

Mammalia, discovery of identity in mode 
of origin between embryos of, and those 
of other animals, 175. 

Matteucci (C.), sur lorigine de lélectro- 
tone des nerfs, 258. 

Matthiessen (A.) and Foster (G. C.), re- 
searches into the chemical constitution 
of narcotine and of its products of de- 
composition (Part IT.), 39. 


INDEX 


Mauritius, magnetical observatory at, 
a! 


Maxwell (J. C.) on a method of making a 
direct comparison of electrostatic with 
electromagnetic force ; with a note on 
the electromagnetic theory of light, 
449, 

—-— on governors, 270. 

Melbourne, new reflecting telescope to be 
used at, 159, 168. 

——, self-recording magnetical instru- 
ments at, 170. 

—— telescope, Report of the Committee 
on the, fo the President and Council of 
the Royal Society, 318. 

— —,, description of the great, 434. 
Menaphthoxylic acid, 300. 
Menaphtylamine, on, 445. 

Merrifield (C. W.) on the law of the re- 
sistance of the air to rifled projectiles, 
321. 

~Meteorological observations, system of, for 

the United Kingdom, 165. 

— — statistics of the ocean, 166. 

Meteors, method of diminishing apparent 
velocity of, 243. 

Methylic aldehyde, contributions to the 
history of, 156. 

Mohl (H. yon) elected foreign member, 
311. 

Monamines, aromatic, transformation of, 
into acids richer in carbon (II.), 300; 
IIT., 445. 

Moon, changes of the, on a supposed con- 
nexion between rainfall and, 213. 

, notices of some parts of the surface 
of the, 231; drawings of the, 235. 

Moon (R.) on the the impact of com- 
pressible bodies, considered with refer- 
ence to the theory of pressure, 411. 

Mountains, lunar, notice of, 232. 

Muscle, proportional force of, 19. 

Mustard-oil of the ethyl series, on the, 
254. 

Myology, variations in human, 483. 

Mysteries of numbers, on, 251. 


Napier (J. R.) admitted, 209. 

Narcotine and its products of decompo- 
sition (II.), researches into the chemical 
constitution of, 39. 

Nebula, remarks on the great, in Orion, 
322. 

Nebule, further observations on the spec- 
tra of, 382. 

, southern, results of examination of, 

with the spectroscope, 451. 

, spectra of some of the southern, 
417. 

Nerfs, sur lorigine de Vélectrotone des, 
258. 

Nerve-action, a result of oxidation, 467. 
VOL. XVI. 
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Nerve, fifth cranial, notes on variations in 
the origin of the long buccal branch of 
the, 456. 

Neumayer (G.), scientific exploration of 
Central Australia, 347. 

Newton (A.) and Newton (H.) on the 
osteology of the solitaire or didine bird 
of the Island of Rodriguez, Pezophaps 
solitaria (Gmel.), 428. 

Nitrites, action of, on blood, 339. 

Nitrogen, on the elimination of, during 
rest and exercise on a regulated diet of 
nitrogen, 44, 

Nordenskidld (A. E.), announcement of 
the intention of the Swedish Govern- 
ment to send out a new Polar expedi- 
tion, 381. 

, further particulars of the Swedish 
Polar expedition, 464. a 

Northumberland, iron-built and armour- 
plated ship, on the amount and changes 
of the polar magnetism at certain posi- 
tions in the, 311. 

Numbers, on the mysteries of, alluded to 
by Fermat, 251. 


Obituary notices of deceased Fellows :— 
Dr. Benjamin Guy Babington, i. 
Alexander Dallas Bache, lxiv. 

William Thomas Brande, ii. 

Dr. William Brinton, vi. 

Walter Crum, viii. 

John Davy, lxxix, 

Joseph Hdye, x 

Sir George Everest, xi. 

John Goodsir, xiv. 

William Gravatt, xvi. 

Charles James Hargreave, xvii. 
Sir William Snow Harris, xviii. 
Dr. William Henry Harvey, xxii. 
Sir Edmund Walker Head, Ixxi. 
Percival Norton Johnson, xxiii. 
Sir William Lawrence, xxv. 
John Lee, xxx. 

Samuel Roffey Maitland, xxxi. 
George Rennie, xxxiii. . 

Georg Friedrich Bernhard Riemann, |xix. 
Henry Darwin Rogers, xxxy. 
Earl of Rosse, xxxvi. 

James Smith, xlu. 

Sir James South, xliv. 

Joseph Toynbee, xlvii. 

Robert Warington, xlix. 

Rey. William Whewell, lL. 
Nicholas Wood, 1xi. 

Lord Wrottesley, lxiil. 

Observatories for British land meteoro- 
logy, list of, 166. 

Occlusion of hydrogen gas by metals, 
422. 

Ommanney (H:) admitted, 419. 

Optic axes, new researches on the disper- 
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sion of the, in Harmotome and Woh- 
lerite, 319. 

Orion, changes in the nebula of, 168. 

, observations on the great nebula in, 

60. 

, remarks on the great nebula in, 

322. 

, spectrum of great nebula of, 451. 

Oxindicanine, 134. 

Oxmantown (Lord), an account of obser- 
vations on the great nebula in Orion, 
made at Birr Castle, with the 3-feet and 
6-feet telescopes, between 1848 and 
1867, 60. 

Oxurianine, 134. 

Ozone, on the identity of the body im the 
atmosphere which decomposes iodide of 
potassium with, 63. 


Palestine, on the geographical and geolo- 
gical relations of the fauna and flora of, 
316. 

Pancreas, special action of, on fat and 
starch, 209. 

Parkes(E.A.)ontheelimination of nitrogen 
during rest and exercise on a regulated 
diet of nitrogen, 44. 

Parkes (W.) on the tides of Bombay and 
Kurrachee, 414. 

Pendulum-electrograph, description of, 
458. 

Persulphide of hydrogen, contribution to 
the knowledge of, 437. 

Pettigrew (J. B.) admitted, 437. 

——, on the distribution of the fibres in 
the muscular tunics of the stomach in 
man and other mammalia, 65. 

Phillips (J. A.), notes on the chemical 
geology of the gold-fields of California, 
294. 

Phillips (J.), notices of some parts of the 
surface of the moon, 281. 

Photosphere of sun, constitution of, 27 ; 
wind-eurrents in, 29. 

Physical observations in India, proceedings 
of the Council of the Royal Society with 

. reference to, 283. 

Poisons, an attempt to apply chemical 
principles in explanation of the action 
of, 465. ee 

Polar expedition by the Swedish govern- 
ment, 381, 464. 


Pollock (Sir F.) on the. mysteries of | 


numbers alluded to by. Fermat (Se- 
cond communication), 251. . 

Potassium, refraction-equivalent of, 444. 

Projectiles, elongated, resistance of air to 
the motion of, 261. — 

——., rifled, on the resistance of the air 
to, 263, 


Quadric forms containing more than | 


INDEX. 


three indeterminates, on the orders and 
genera of, 197. 

Quartic, binary, on the conditions for the 
existence of three equal roots, or of two 
pairs of equal roots of a, 229. 

Quintic, binary, on the conditions for the 
existence of three equal roots, or of two 
pairs of equa! roots of a, 229. 


Rainfall, on a supposed connexion be- 
tween, and changes of the moon, 213. 
Random straight lmes, theory of proba- 

bility applied to, 266. 

Rankine (W.J. M.) on waves in liquids. 
344. 

Reed (E.J.) on the relation of form and 
dimensions to weight of material in the 
construction of iron-clad ships, 306. 

Refraction-equivalents, researches on, 
439. 

Rennie (G.), obituary notice of, xxxiil. 

Retina of the hedgehog, anatomy of the 
blood-vessel system of the, 439. 

Richardson (B. W.) admitted, 1. 

Riemann (G. F. B.), obituary notice of, 
Lcix 

Rifled projectiles, law of resistance of the 
air to, 321. 

Rigidities, account of experiments on tor- 
sion and flexure for the determination 
of, 248. - 

Robinson (Rev. T. R.) on the new re- 
flecting telescope to be used at Mel- 
bourne, Australia, 159. 

Robinson (Rev. T. R.) and Grubb (T.), 
description of the great Melbourne tele- 
scope, 434. 

Rogers (H. D.), obituary notice of, xxxv. 

Roscoe (H. E.) on the chemical intensity 
of total daylight at Kew and Para m 
1865-67, 41. 

——., researches on vanadium, 220. 

Rosse (Harl of) elected, 229; admitted, 
347. 

Rosse (Karl of), obituary notice of, xxxvi. 

Royal medal awarded to J. B. Lawes and 
J. H. Gilbert, 176; to Sir W. Logan, 
179. 


Sabine (E.), contributions to terrestrial 
magnetism (No. XI.), 480. 

Saline solutions, supersaturated, on, 403. 

Sanderson (J.S. B.) admitted, 1. 

Season, influence of, on composition of 
carbonate-of-lime waters, 189. 

Sextants, description of apparatus for veri- 
fication of, 2. 

Schorlemmer (C.) on the constitution of 
capryl alcohol from castor-oil, 376. 

——, researches on the hydrocarbons of 


the series C” H?”t? (No, II.), 84, 
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Schorlemmer (C.), researches on the hy- 
drocarbons of the series C, Ho,+42: 


No. IV., 367; No. V., 372. 

Schunck (E.) on the colouring and ex- 
tractive matters of urine: Part I., 73; 
Part I1., 126. 

on a crystalline fatty acid from 
human urine, 135. 

—— on oxalurate of ammonia as a con- 
stituent of human urine, 140. 

Schwabe (S. H.) elected foreign member, 
311. 

Shanks (W.), second supplementary paper 
on the calculation of the numerical 
value of Euler’s constant, 154, 156; 
third supplement, 299. 

Ship ‘Northumberland,’ iron-built and 

- armour-plated, changes of the polar 
magnetism at certain positions in the, 
311. 

Ships, iron-clad, on the relation of form 
and dimensions to weight of material 
in the construction of, 306. 

Siemens’s liquid governor, 279. 

Simpson (M.) on some new derivatives of 
acetone, 364. 

Skew surfaces, otherwise scrolls, third 
memoir on, 444. 

Smith (H, J.S.) on the orders and genera 
of quadratic forms containing more than 
ao indeterminates (Second notice), 
OT 

Smith (J.), obituary notice of, xlii. 

Solar physics, researches in, 336. 

—— spectrum, observations of, by Mr. 
Hennessey, 169. 

Solitaire, or Didine bird, on the osteology 
of the, 428. 

South (Sir J.), obituary notice of, xliv. 

Spectra of some of the southern nebule, 
observations on, 417. 

—— of stars and nebule, with an attempt 
to prove whether those bodiesaremoving 
towards or from the earth, 382. 

Spectroscope (rigid), observations made 
with a, on a voyage to the Straits of 
Magellan, 6. 

Spectrum of Brorsen’s comet, on the, 386. 

—— of comet II., 1868, on the, 481. 

—— of the great nebula in Orion, 451. 

—— of hydrogen and of carbonic oxide 
under pressure, 421. 

—— of lightning, 418. 

—— telescope, description of a hand, 241. 

Stainton (H. T.) admitted, 1. 

Starch, special getiou of the pancreas on, 
209. ; 

Stars, further observations on the spectra 
of, 382. 

——.,, on the physical constitution of, 25 ; 
spectral lines of, 31 ; colour of, 32. 

Stewart (B.), an account of certain ex- 
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periments on aneroid barometers made 
at Kew Observatory, at the expense of 
the Meteorological Committee, 472. 

Stewart(B.),description of an apparatus for 
the verification of sextants, designed and 
constructed by Mr. T. Cooke, and re- 
cently erected at the Kew Observa- 
tory, 2. 

Stokes (G. G.) on the communication of 
vibration from a vibrating body to a 
surrounding gas, 470. 

Stomach, on the distribution of the fibres 
in the muscular tunics of the, 65. 

Stone (E. J.) admitted, 437. 

Stoney (G. J.) on the physical constitu- 
tion of the sun and stars, 25. 

Strychnia, effect of, 470. 

Sulphocyanic ethers, compounds isomeric 
with (I.), 254. 

Sun, further observations on the spectra 
of, 382. 

, on the physical constitution of, 25. 

Sun-spots, account of some recent obser- 
vations on, 447. 

, heliographical positions and areas of, 

during the years 1862 and 1863, 336. 

, on the periodicity of, 30. 

Supersaturated saline solutions, on, 403. 

Swedish polar expedition, 381, 464. 


Telescope, the great Melbourne, notices 
of, 159,168; report of Committee on, 
313 ; description of, 434. 

Temperature, comparison of, with spectro- 
scope, 17. 

Terrestrial galvanic currents, comparison 
of, with magnetic disturbances, 249. 
Tertiary plant-beds of North Greenland, 

exploration of, 174. 

Theory of probability applied to random 
straight lines, 266. 

Thomson’s (Sir W.) governor, 276. 

Thomson (Sir W.) on a self-acting appa- 
ratus for multiplymg and maintaming 
electric charges, with applications to 
illustrate the voltaic theory, 67. 

Thudichum (J. L. W.), researches con- 
ducted for the Medical Department of 
the Privy Council at the Pathological 
Laboratory of St. Thomas’s Hospital, 
215. 

Thyroid body, observations on the ana- 
tomy of the, in man, 24, 183; relations 
of, with the thymus, 185. 

Tides of Bombay and Kurrachee, on the, 
414. 

Tipula crystallina, on the apparent rela- 
tion of the nerves to the muscular 
structures in the aquatic larva of, 61. 

Tomlinson (C.) admitted, 1. 

on supersaturated saline solutions, 

403. 
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Tonge (M.), observations on the develop- 
ment of the semilunar valves of the aorta 
and pulmonary artery of the heart of the 
chick, 329. 

Torsion and flexure, experiments on, for 
the determination of rigidities, 248. 

Toynbee (J.), obituary notice of, xlvii. 

Tristram (Rev. H. B.) on the geographi- 
eal and geological relations of the fauna 
and flore of Palestine, 316. 

Turner (W.), notes on variations in the 
origin of the long buccal branch of the 
fifth cranial nerve, 456. 


Uniquadric homographics, undevelopable, 
memoir on, 389. 

Urine, chemical nature, composition, com- 
binations, and metamorphoses of co- 
louring-matter of, 217. 

, on a crystalline fatty acid from, 

135 

, on oxalurate of ammonia as a con- 

stituent of, 140. 

, on the colourmg and extractive 
matters of: I., 73; I1., 126. 

Uromelanine, 217. 


Vanadium, researches on, 220; oxides of, 
224; oxychlorides of, 226; nitrides of, 
228. 

Vaux (W. 8S. W.) admitted, 437. 

Vegetation, influence of, on composition 
of carbonate-of-lime waters, 189. 

Veins of bat’s wing, microscopical charac- 
ters of muscular coat of, 342. 

Vibration, on the communication of, from 
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a ee body to a surrounding gas, 
471. 
Vice-presidents appointed, 189, 209. 


Walker (Col. J. C.), letter concerning ob- 
servations in India to be made by Mr. 
Hennessey and Lieut. Herschel, 293. 

Warington (R.), obituary notice of, xlix. 

— on some alterations in the compc- 
sition of carbonate-of-lime waters, de- 
pending on the influence of vegetation, 
animal-life, and season, 189. 

Waves in liquids, on, 344. 

Weight of brain in different races of man, 
236. 

Whewell (Rev. W.), obituary notice of, li. 

Whymper (E.), exploration of North 
Greenland, 174. 

Williamson (A. W.), note on the calculus 
of chemical operations, 72. 

Wohlerite shown to belong to the cli- 
norhombic system, 319. 

Wood (J.), variations in human myology 
observed during the winter session of 
1867-68 at King’s College, London, 
483. 

Wood (N.), obituary notice of, Ix. 

Wright (R. J.) on an easy method of 
measuring approximately the intensity 
of total daylight, 525. 

Wrottesley (Lord), obituary notice of, 


Zodiacal light, observations of, by Mr. 
Hennessey, 169. 


END OF THE SIXTEENTH VOLUME. 


PRINTED BY TAYLOR AND FRANCIS, 
RED LION COURT, FLEET STREET, 


OBITUARY NOTICES OF FELLOWS DECEASED 
Between 30TH Nov. 1865 anp 30TH Noy. 1867. 


Dr. Bensamin Guy BaBineron was bornin 1794. He was the son of 
Dr. William Babington, who, in his time, held a foremost place as a popn- 
lar and successful London physician. Educated at the Charter House, he 
subsequently went through the usual course of study at Haileybury College 
then required of young men destined for the Indian Civil Service; he 
went out to the Madras Presidency as a member of that service in 1812. 
After remaining seven years in India, he was compelled by ill health to re- 
turn home, and then determined to leave the Indian Service and adopt his 
father’s profession. With this view he entered at Pembroke College, Cam- 
bridge, and took the degree of M.B. in 1825, and that of M.D. in 1830, 
In the meantime he commenced practice in London, and in 1831 was 
elected a Fellow of the College of Physicians. For the prosecution of his 
medical studies in London he had chosen Guy’s Hospital, where his father 
was physician, and he was himself appointed assistant physician to that 
Institution in 1837, and promoted to be one of the physicians in 1840. 

Dr. Babington was much esteemed as a clinical teacher, and was the 
author of papers on different professional subjects, published in the Guy’s 
Hospital Reports, and elsewhere; but he also engaged in researches of 
more general scientific interest, and among them his observations on the 
blood, published in the ‘ Medico-Chirurgical Transactions’ of 1830, de- 
serve especial mention, inasmuch as he there showed that the liquid part 
of the circulating blood, or “liquor sanguinis”’ (a name proposed by him 
to distinguish it from the serum, and very generally adopted since), really 
contains or yields the coagulable matter, or fibrin, which solidifies in the pro- 
cess of coagulation. ‘This, no doubt, was merely a confirmation by simple 
but well-devised experiments of the doctrine held by Hewson and his con- 
temporaries, and accepted by most British physiologists ; but the confirma- 
tion was needful and well timed on account of the erroneous views then 
prevailing on the continent on the authority of Prevost and Dumas. At 
a later time, namely in 1859, Dr. Babington communicated to the Royal 
Society a series of observations on the effect of various salts dissolved in 
water in retarding or otherwise altering the rate of spontaneous evaporation, 
and an abstract stating the nature and results of the experiments was pub- 
lished in the ‘ Proceedings’ for 1859. 

In the establishment of the Sydenham Society, since succeeded by the 
new Society of the same name, Dr. Babington took an active share. Up 
to the time of its dissolution he acted as Treasurer, and contributed to its 
publications an elegant translation of ‘Hecker’s Epidemics of the Middle 
Ages,’ besides aiding in the revision of other works published by the So- 
ciety. The Epidemiological Society, founded in 1850, owes its origin 
mainly to his exertions. He was its first President, and continued in that 
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office, taking part with unabated interest in its useful labours, till within a 
short time of his death. | 

it remains to be added that Dr. Babington was a man of varied accom- 
plishments. He had a refined taste in art, and applied his hand in some of 
its departments with no mean success. He had great readiness and skill in 
devising and constructing apparatus and instruments of various kinds, and 
mechanical appliances for the ease and comfort of the sick. Itis especially 
worthy of note that in 1829 he communicated to the Hunterian Society of 
London a method of inspecting the fauces and glottis in the living person 
by means of a small mirror passed back into the throat ; so that, for aught 
that appears to the contrary, Dr. Babington is entitled to the credit of 
having made the first practical step in the art of laryngoscopy. 

Dr. Babington was elected a Fellow of the Royal Society in 1828 ; in 
1861-63 he served on the Council. His death took place on the 8th of 
April, 1866. | 


WitittAmM THomas Branpg, D.C.L., F.R.S., was born on the 11th of 
January, 1788, in Arlington Street, St. James’s, London, and died at Tun- 
bridge Wells on the 11th of February, 1866, in the seventy-ninth year of 
his age. 

When about six years of age he was placed in a private school at Ken- 
sington, where he remained four years. At this school he made tolerable ~ 
progress in the rudiments of the Latin language, and learned to read Greek. ; 
On leaving it he was sent to Westminster, where, during a period of eight 
years, he made fair progress in classical and general knowledge. His 
father, who was an apothecary, suggested that he should select the Church 
for his future career; but he preferred the medical profession, and on the 
2nd of February, 1802, according to the custom of those days, he was 
bound apprentice to his brother, who was a Member of the Society of Apo- 
thecaries. The family removed from Arlington Street to Chiswick, and 
here it was that Mr. Brande first became acquainted with Mr. Charles 
Hatchett, whose daughter he subsequently married. Mr. Hatchett at this 
time was much occupied in chemical investigations, and it appears to have 
been from his conversation and example that the subject of this memoir 
first acquired a strong attachment to Chemistry and Mineralogy. He often 
assisted Mr. Hatchett in his laboratory, and he received from him speci- 
mens of minerals which formed the foundation of a collection which he 
kept up through life. He was then simply a schoolboy fond of science, 
and this feeling was encouraged and developed by the kindness and atten- 
tion of Mr. Hatchett. He had then no idea that chemistry would be his 
future profession. 

In the year 1802, when in his fourteenth year, he paid a visit to his 
uncle at Hanover, and here he acquired a good knowledge of the French 
and German languages. In the spring of 1803 he visited Brunswick and 
Gottingen; but all his plans of study were interfered with by the breaking 
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out of the war and the approach of the French to Hanover. With some 
difficulty he escaped to Hamburg, and reached London. after passing a 
month at sea in a Dutch merchant-vessel. 

In 1804 he resumed his duties as apprentice to his brother, and in the 
autumn of that year, and in the seventeenth year of his age, he became a 
pupil at the Anatomical and Medical School in Windmill Street. He 
attended the lectures of Mr. Wilson and Mr. Thomas, and it was during 
this period of study that he made the acquaintance of Brodie (the late 
Sir Benjamin), Maynard, Ewbank, and other professional men of repute. 
He now studied chemistry under Dr. George Pearson, and became one of 
his pupils at St. George’s Hospital. He here made the acquaintance of 
Dr. C. R. Pemberton, and by the aid of this gentleman he acquired a con- 
siderable knowledge of disease and a great liking for the practice of physic. 
About this time also he found a friend in Sir Everard Home, who was then 
in the zenith of his reputation. 

A weekly meeting was held on Saturday evening at the Windmill-street 
School: this was founded on the ruins of the once celebrated Lyceum 
Medicum, and it may be regarded as the parent of the Westminster Me- 
dical Society. The meetings were attended by many medical men of 
repute ; medical and scientific papers were read and discussed ; and as 
chemistry was very often the subject of inquiry, Mr. Brande found that he 
was frequently referred to as an authority on matters connected with this 
science. Writing of this date, Mr. Brande states :— 

‘I was now full of ardour in its prosecution (7. e. of chemistry) ; and 
although my brother, with whom I still lived, whose apprentice I was, and 
in whose shop, notwithstanding all other associations, I still worked and 
passed a large part of my time, threw every obstacle in the way of my 
chemical progress that was decently in his power, I found time, however, 
to read, and often to experiment in my bedroom late in the evening. I 
thus collected a series of notes and observations which I fondly hoped 
might at some future period serve as the basis of a course of iectures, and 
this in time they actually did. It was at this period that, in imitation of 
Mr. Hatchett’s researches, I made some experiments on Benzoin, the results 
of which were published in Nicholson’s Journal for February 1805.” 

This, it may be remarked, was his first chemical contribution to scientific 
literature. He was then only about sixteen years of age. Mr. Brande 
also contributed to the same journal for June 1805 a paper on Respiration, 
which had been read to the Westminster Medical Society. 

His first introduction to Sir Humphry Davy was about the year 1801, 
when he was a boy at Westminster School, then in his thirteenth year. 
He was introduced to Davy at the Royal Institution, which had been re- 
cently founded. After his return from Germany in 1804, he renewed his 
acquaintance with Davy, and, as a result, his zeal in the pursuit of che- 
mistry was greatly augmented... Sometimes he stole away from home, or, 
instead of going to the Anatomical School in Windmill Street, contrived 
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to get admitted to one of Davy’s lectures at the Royal Institution. It ap- 
pears that at this time he formed a resolution of losing no opportunity that 
should present itself to enable him to take the office of a lecturer on 
chemistry. 

In the autumn of 1805 he drew up an account of some experiments on 
Guaiacum resin. This formed the subject of a paper presented by Mr. 
Hatchett, and read before the Royal Society on the 19th of December. 
it was printed in the ‘ Philosophical Transactions’ for 1806. He now became 
acquainted with Sir Joseph Banks. He was frequently consulted by Sir 
Everard Home on chemical and physiological questions ; and by the advice 
of Sir Everard he was entrusted with the analysis of the calculi then in 
the collection of the College of Surgeons. The results were communicated 
in a letter to Sir Everard, which was read before the Royal Society on the 
19th of May, 1808, and published in the Transactions with some observa- 
tions by Sir Everard Home. Two other papers relating to the state and 
quantity of alcohol in fermented liquids were published in the Transactions 
for 1811 and 1813. For these he was presented with the Copley Medal 
in 1813. 

The winter of 1808 was an important epoch in Mr. Brande’s life. He 
being then in his 21st year, commenced lecturing, and gave two courses of 
lectures on pharmaceutical chemistry at Dr. Hooper’s Medical Theatre in 
Cork Street, Burlington Gardens. These lectures were so well received 
that Mr. Brande was invited in the ensuing autumn to join the new 
Medico-Chemical School established by Mr. Wilson in Windmill Street. 
Dr. Cooke and Mr. Brande lectured there on alternate mornings on physie 
and chemistry; but the weight of the entire course fell chiefly on Mr. 
Brande. Dr. Cooke withdrew from the lectures, and in 1813 Mr. Brande 
joined Dr. George Pearson, who gave medical lectures at his house in George 
Street. Mr. Brande gave a course of lectures on Materia Medica at Dr. 
Pearson’s, and at the same time continued the course of Chemistry at the 
small laboratory which he had fitted up in Windmill Street. 

On the 13th of April, 1809, being then only 21 years of age, Mr. Brande 
was elected a Fellow of the Reyal Society, and took his seat on the 20th of 
that month. This at once brought him in contact with all the leading 
scientific men of the day, including Cavendish, the elder Herschel, Maske- 
lyne, and Wollaston. ‘To all these he soon became intimately known. 

On the 4th of November, 1812, Mr. Brande accepted the appointment of 
Professor of Chemistry and Superintending Chemical Operator to the Apo- 
thecaries’ Company. This gave him the opportunity of remodelling many 
of their pharmaceutical processes, and of raising them to the level of the 
improved state of chemistry. There can be no doubt that Mr. Brande 
aided in an important degree in resuscitating the character of the Society 
and giving to it a scientific status. The late Mr. Hennell was his pupil. 
Mr. Brande was made Professor of Materia Medica, and he delivered an- 
nually a course of lectures on that subject. 


Vv 


In the spring of 1812, Mr. Davy (afterwards Sir Humphry Davy), with 
whom Mr. Brande was on cordial and intimate terms, delivered his last 
course of lectures in the Royal Institution. On the occasion of his mar- 
riage at this date he resigned the chair of Professor of Chemistry in the 
Royal Institution, and invited Mr. Brande to deliver for him a course of 
lectures which he had been in the habit of giving annually before the 
Board of Agriculture. These lectures were delivered gratuitously by Mr. 
Brande; but in the following year this Board was dissolved. 

In the winter of 1831, Mr. Brande gave a probationary course of Che- 
mistry at the Royal Institution, andin May of the same year he was unani- 
mously elected Professor of Chemistry. In the autumn of this year he 
took possession of the apartments that had been occupied by Sir Humphry 
Davy, and was then completely installed as his successor, Sir Humphry 
went abroad and did not return for two years. 

In October 1815, Mr. Brande transferred the pupils from his School of 
Chemistry in Windmill Street to the laboratory of the Royal Institution, 
and he commenced a regular and extended course of lectures on this science. 
In consequence of the death of Dr. Pearson, the chemical lectures were also 
transferred from St. George’s Hospital to the Royal Institution. His 
lectures were well attended and contributed to raise the reputation of the 
Institution as a seat of practical instruction. He was subsequently assisted 
in these lectures by Mr. Faraday. Mr. Brande devoted himself at this 
time entirely to chemical pursuits and to lectures on the science. 

In 1823 he was consulted by the Government and drew up a report 
on the manufacture of iron and steel. The manufacture of the metal for 
coinage formed a part of the inquiry; and the office being vacant in 1825, 
Mr. Brande was appointed Superintendent of the Die Department at the 
Royal Mint. In 1854, he resigned his professorship in the Royal In- 
stitution, and was made Superintendent of the Coining department at the 
Mint. 

It was in the year 1825 that Mr. Faraday became associated with 
Mr. Brande in the lectures delivered at the Royal Institution. He also 
had the assistance of Mr. Faraday in the publication of the ‘ Quarterly 
Journal of Science and the Arts,’ edited at the Royal Institution. This - 
publication was commenced in 1816, and was carried on until 1836, when 
it fell into other hands and was soon discontinued. In 1836 Mr. Brande 
was named one of the original Fellows of the University of London, and a 
Member of the Senate of that Body ; and in 1846 he became Examiner in 
Chemistry, an office which he retained until 1858. He received the hono- 
rary degree of Doctor of Civil Law in the University of Oxford. He was 
a Fellow of the Royal Societies of London and Edinburgh, and of many 
other British and Foreign Societies. From 1816 to 1826 Mr. Brande 
was one of the Secretaries of the Royal Society. 

Mr. Brande was the author of a ‘Manual of Chemistry,’ which went 
through six editions, of a ‘ Dictionary of Pharmacy and Materia Medica,’ 
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and of a smaller volume on Chemistry, especiaily designed for students, 
published in 1861. In 1842 he undertook the editorship of the ‘ Dictionary 
of Science and Art,’ a most laborious undertaking ; and at the time of his 
death he was occupied in revising a new edition of this work. His scien- 
tific contributions to periodical literature were also very numerous. 

From 1808 to 1854, the long period of forty-six years, the subject of 
this memoir had been before the public as a lecturer on chemistry. He 
was indefatigable as a teacher of this science. In addition to the lectures 
regularly delivered at the Royal Institution and the Society of Apotheca- 
ries, Mr. Brande lectured for some time on chemistry to the classes at St. 
Bartholomew’s Medical School. Many of the past and present generation, 
whether in or out of the medical profession, owe much of their knowledge 
of this science to his teaching. The substance of his lectures is mecorpo- 
rated in the great work by which he acquired a European reputation, 
namely his ‘Manual of Chemistry.’ .This work was, in its day, one of the 
most popular in the English language, and there are few recent treatises on 
the subject which are not indebted to its pages for much valuable informa- 
tion. He found chemistry an ill-arranged collection of facts, and succeeded 
in reducing them into form and order, thus aiding greatly in the cultiva- 
tion of the science and in placing it on an intelligible basis. 

No scientific man who was brought in contact with Mr. Brande could 
fail to be struck with the accuracy and extent of his knowledge, the reten- 
tiveness of his memory, and the truthfulness and honesty of purpose by 
which he was always actuated. The friend of Gay-Lussac and Thénard 
and the associate of Davy and Faraday, he formed a connecting link be- 
tween the chemists of the past and the present generation. He lived to 
see the most remarkable changes in the science which he had himself so 
successfully cultivated, but, like his great contemporaries, he preferred de- 
monstration to speculation; and although ready to adopt what was esta- 
blished by experiment, however it might conflict with his previous views, 
he was strongly opposed to innovations based upon mere hypotheses. In 
private life Mr. Brande was well known as a man of genial character. 
His conversational powers were great, and no man could pass an hour in his 
society without retaining a pleasant reminiscence of him as a companion. — 
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Wititam Brinton, M.D., was the second son of the late Mr. Henry 
Brinton, one of the principal carpet manufacturers of Kidderminster, where 
the subject of the present notice was born, on the 20th of November, 1823. 
After attaining remarkable proficiency at school, William Brinton was ap- 
prenticed to a surgeon in his native town, and in October 1843 entered 
the medical department of King’s College, having in the precedmg sum- 
mer matriculated, with honours, at the University of London. He passed 
through his student career with great distinction, and was noted among his 
fellows not only for the general ability and indomitable perseverance with 
which he applied himself to intellectual work, but especially for his unde- 
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viating aim at precision and thoroughness of knowledge in all his studies. 
The character he bore as a student was honourably maintained at the Uni- 
versity of London, where he took the degree of M.B. in 1847, and of M.D. 
in the following year. In the meantime he was appointed Assistant De- 
monstrator of Anatomy, and in 1850 Medical Tutor, at King’s College, 
which appointment he held until 1853, when he was elected Lecturer on 
Forensic Medicine at St. Thomas’s Hospital. 
_ ToSt.Thomas’s medical school Dr. Brinton became permanently attached 
by his being elected Physician to the Hospital in 1860, and appointed 
Lecturer on Physiology, having previously been associated with the late 
Mr. Grainger in that lectureship. He soon proved himself to be an able 
and accomplished teacher of physiology; and those who have heard him 
lecture speak with admiration of his appropriate language and agreeable 
delivery, and of the ready power and happy effect with which he used his 
pencil to illustrate his oral instructions. 

From1852 until his appointment to St. Thomas’s in 1860, Dr. Brinton was 
Physician to the Royal Free Hospital, where he enjoyed large opportunities 
of medical observation ; and during his tenure of that office he published in 
‘The Lancet’ a series of “Clinical Remarks,’ which were much valued. 
He speedily rose in the estimation of his professional brethren and gained 
the confidence of the public, so that for some years before his death he en- 
joyed a much larger share of consulting practice than usually falls to the 
lot of young physicians of his standing. 

When quite a young man Dr. Brinton contributed several articles to Dr. 
Todd’s ‘ Cyclopeedia of Anatomy and Physiology,’ and translated Valentin’s 
*Text-book of Physiology’ from the German. In 1857 he published a 
work on ‘Ulcer of the Stomach,’ and, two years later, one of more ex- 
tended scope, on ‘ Diseases of the Stomach ;’ this was followed by a treatise 
on ‘Food and Digestion.’ These works were the result of a careful study of 
a subject to which he had given special attention. He entertained original 
views on the natural and perverted movements of the alimentary canal, and 
on the nature and cause of intestinal obstruction, and gave an exposition of 
his doctrine in the Croonian Lectures which he delivered before the Col- 
lege of Physicians. 

Three papers by Dr. Brinton were read to the Royal Society, of which 
abstracts were published in the ‘ Proceedings ;’ viz. ‘‘ Contributions to the 
Physiology of the Alimentary Canal” (1848), ‘ On the Dentate Body of 
the Cerebellum” (1852), and ‘ Experiments and Observations on the 
Structure and Function of the Stomach in the Vertebrate Class” (1861). 
He was elected a Fellow of the Society in June 1864. 

In a memoir of Dr. Brinton which appeared in ‘ The Lancet ’ soon after 
his death, from which chiefly we have derived the substance of this brief 
notice, it is mentioned that among his numerous tastes and acquirements 
was a love of mountaineering, and that he was a member of the Alpine 
Club, and contributed two papers to the second series of “ Peaks, Passes, 
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and Glaciers.”’ Dr. Brinton died on the 17th of January, 1867, at the 
early age of 48. ‘The cause of his death was renal disease of three years 
duration, against which he had all along borne up with marvellous courage. 


Mr. Water Crum, an eminent scientifie chemist and manufacturer of 
Glasgow, was born there in 1796, and died at his residence, the Rouken, 
near that city on the 5th of May, 1867. He was the second son of Mr. Alex- 
under Crum, of Thornliebank, senior partner in the firm of Alexander and 
James Crum, long established and much respected as merchant manufac- 
turers in Glasgow. His mother, to whose family his personal characteris- 
tics appear to have had the strongest resemblance, was a daughter of the 
lete Walter Ewing Maclae of Cathkin. Having received a liberal education 
at the Grammar-school and University of Glasgow, he entered upon the 
business of calico-printing, a department of the work of his father’s esta- 
blishment. With a view to the conduct and improvement of this branch 
of manufacture he early devoted himself to practical chemistry, and in 1818 
and 1819 was an ardent student of that science in the laboratory of Dr. 
Thomas Thomson—at that time one of the few laboratories, if not the only 
one in this country, in which analytical research was systematically prac- 
tised and taught. The intimate knowledge of chemistry which Mr. Crum 
thus acquired, combined with his general scientific attainments, enabled 
him to introduce many useful improvements into his own business, and 
thus to maintain and increase the excellence of its manufactures. As an 
important example of these may be mentioned the well-known process of © 
‘orange resist’ on indigo, which was invented and practised for five years 
by Mr. Crum before it became known to other manufacturers. 

Mr. Crum’s ability as a chemical analyst, however, gave to his researches 
a scientific interest and a value beyond that which belonged to their mere 
practical application ; and his first paper on the Analysis of Indigo, pub- 
lished in 1823 in the ‘Annals of Philosophy,’ established his reputation as 
a scientific chemist, and brought him into correspondence with, and pro- 
cured for him the friendship of, many of the first chemists of his time, 
among whom may be mentioned, as the most intimate, Thomson, Faraday, 
Graham, and Liebig. He became a member of the Royal Society in 
February 1844. His other scientific papers followed in succession from 1830 
to 1861; almost all of them were communicated to and printed in the 
Proceedings of the Philoscphical Society of Glasgow, which he joined in 
1834, and of which he became President on the death of Dr. Thomas 
Thomson in 1852. A list of these papers is subjomed; several of 
them were translated into German, and published in Liebig’s ‘ Annalen 
der Chemie,’ as in vol. ly. (1845), vol. Ixii. (1847), and vol. Ixxxix. 
(1854). 

The most important of Mr. Crum’s researches are those relating to 
indigo, gun-cotton, the acetates of alumina, and the dyeing of cotton-fibre. 
It was from Mr. Crum’s analysis of sublimed indigo that he was led to 
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construct the formula for that substance, which is now universally adopted. 
This analysis was made at a time when accurate organic investigation 
involved much greater difficulty and the exercise of higher ingenuity than, 
with Liebig’s method, is now required ; and although Erdman and Dumas 
had from their analysis of a less pure substance deduced other formule, 
they afterwards confirmed that of Mr. Crum. The very ingenious method 
proposed by Mr. Crum for the analysis of nitrates was founded on the 
conversion of the nitric acid into nitric oxide by the action of sulphuric 
acid on mercury. He applied this method to determine the quantity of 
nitrogen in gun-cotton. Having determined the carbon by combustion 
with chromate of lead, he was led to the formula of C,, H,O,+3 NO, for 
the most explosive gun-cotton—a result which has recently been confirmed, 
after the most rigorous investigations, by Mr. Abel and others, and it igs 
now universally accepted. ‘The action of sulphuric acid and mercury on 
gun-cotton led Mr. Crum to regard the latter as a nitrate, a view which, 
making gun-cotton analogous to nitric ether, was long opposed by nearly 
all chemists, but is now very generally adopted. 

Mr. Crum’s investigation of the acetates of alumina is very able and 
complete, showing the precipitating action of very dilute solutions of 
various salts on soluble alumina, in the same manner as he had shown such 
action at a much earlier date in the case of the sulpho-indigotates and 
sulpho-pheenicates. His papers on the peroxide of copper and on the 
action of nitric acid and peroxide of lead as a very delicate test for man- 
ganese are esteemed valuable contributions to analytical chemistry. 

After the death of Dr. Thomson in 1852, Mr. Crum delivered to the 
Philosophical Society of Glasgow a discourse on the Life and Labours of 
his instructor, in which he dwelt with much feeling, ability, and discrimi- 
nation on the varied acquirements and contributions to science of that 
eminent and laborious chemist. 

Mr. Crum was remarkable for unbending rectitude of purpose and 
love of truth, for great acuteness of perception and decision of character ; 
and his public spirit was as notable as his perseverance in conducting to 
a successful termination whatever he undertook. He occupied during 
many years a high place in public estimation, and took a ieading part in 
every good work having for its object the educational, social, or political 
improvement of the people. 

In his own extensive and interesting works at Thornliebank, he had an 
ample field for the energetic practical development of his sagacious and 
benevolent plans for the moral and intellectual improvement of the nume- 
rous workmen in his employment. For upwards of forty years Mr. Crum 
devoted much time and personal effort to furthering the interests of An- 
derson’s University in Glasgow, of which he was a most liberal and effec- 
tive patron and supporter. His election to the Presidency of that valu- 
able institution gave him ampler opportunity for indulging his favourite 
desire of bringing scientific knowledge within reach of the artisan and 
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the general public. In many other ways he contributed to promote the 
cause of popular education. 

Mr. Crum’s character was marked by clear intelligence and strong 
practical sagacity, unbending love of truth and justice, frank sincerity, 
great kindness of heart, generosity, and active and judicious benevolence, but 
so unselfish and of such retirmg modesty that he shrunk from the slightest 
display. Few men have lived more usefully, or have died more esteemed and 
regretted. 

List of Papers by Mr. Crum. 

1. “ Experiments and Observations on Indigo, and on certain Substances 
which are produced from it by means of Sulphuric Acid,” in Annals of 
Philosophy for 1823. 

2. “On the Primitive Colours,” 1830. 

3. “On Chlorimetry, and a New Method of testing weak solutions of 
Bleaching-Powder,”’ in Proceedings of the Philosophical Society of Glasgow 
for 1841, vol. i. p. 17. 

4. “On the Manner in which Cotton unites with Colouring-Matter,” 
1843, zb¢d. p. 98. 

5. ‘On the supposed influence of the Moon upon the Weather,” 1844, 
ibid. p. 243. | 

6. “On the Action of Bleaching-Powder on the Salts of Copper and 
Lead,”’ 1845, cbzd. vol. i. p. 68. 

7. “On the Artificial Production of the Potato-disease,” 1845, abid. 
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: 8. “Ona Method for the Analysis of Bodies containing Nitric Acid 
and its application to Explosive Cotton,” 1847, idzd. p. 163. 

9. «Qn a peculiar fibre of Cotton which is incapable of being dyed,”’ 
1849, ibid. vol. il. p. 61. 

10. ‘Sketch of the Life and Labours of Dr. Thomas Thomson, F.R.S.,”’ 
1852, «bid. p. 250. 

11. ** On the Acetates and other Compounds of Alumina,” 767d. p. 298. 

12. ** On the Stalactitic Sulphate of Barytes found in Derbyshire,”’ 1861, 
ibid. vol. v. p. 39. 

13. In 1862 Mr. Crum greatly extended his previous investigations, 
chemical and microscopical, on the manner in which cotton unites with 
colouring-matter, and on a peculiar fibre of cotton whichis incapable of 
being dyed, ‘‘coton mort,” both of which subjects he had studied very 
profoundly. The results of these important and difficult investigations, 
illustrated by numerous engravings, were published in the Journal of the 
Chemical Society for 1863. 


JosEPH Epyr was born at Plymouth Dock (Devonport) in 1791. He 
entered the Navy in 1805, and served as secretary’s clerk under Sir John 
Duckworth, on board the Superd in the action off St. Domingo (for which 
he in afterlife received a medal), and also on board the Royal George, 100 
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guns, at the passage of the Dardanelles. He attained the rank of Pay- 
master in 1811, and after service in the Hrne was employed as Secretary 
in 1823 and 1824 to the Hon. Alexander Cochrane at Plymouth, from 
1824 to 1827 to Lord de Saumarez at the same port, and from 1828 
to 1834 to Sir Pulteney Malcolm in the Mediterranean during the 
pacification of Greece and the expulsion of the Egyptians from the 
Morea, where he acted as British Commissioner at the headquarters of 
Ibraham Pasha, in concert with the Commissioners of France and Russia, 
for the purpose of rescuing from slavery about 2000 Greek women and 
children found in the Egyptian camp, on which service he received an 
injury that subjected him to severe suffering for the rest of his life. He 
was also with the same gallant commander in the North Sea during the de- 
monstration made on the Dutch coast in 1832 and 1833 at ahi! siege of 
Antwerp. From 1836 to 1839 he was with Sir Philip Durham, as secre- 
tary at Portsmouth, and from 1839 to 1842 with Sir Graham Moore at 
Plymouth. He was placed on the half-pay of a secretary in 1843, and re- 
eeived a letter of thanks from the Admiralty for his important special services 
as Secretary to the Commission consisting of Sir P. Malcolm, Sir C. Adams, 
and Sir T. M. Hardy, which framed the laborious production, ‘The Code of 
Naval Regulations ;’? and in 1865 he was appoimted Paymaster-in-Chief, and 
received the Greenwich pension for his past service. 

Mr. Edye was elected a Fellow of the Royal Society in January 1841. 
He died at his residence, Stoke, Devonport, November 12, 1866, leaving a 
widow and one son, a midshipman in the Navy. 


Sir GeorGce Everest was born at Gwernvale (Brecon), the seat of his 
father, Mr. Tristram Everest, on the 4th of July 1790. In his early 
studies at Woolwich he made such progress that he was found qualified 
for a commission before the age prescribed by the regulations, aud 
was noticed by the Professor of Mathematics, Dr. Hutton, as one who 
would distinguish himself. In 1806 the young cadet sailed for India, 
where he palcted the Bengal Engineers, and after seven years’ service, was 
sent to join a aeeeiaeae in co There Lieut. Everest was selected by 
Sir Stamford Raffles, then Governor, to make a survey of the Island, in 
which laborious task he spent two years, and afterwards returned to Ben- 
gal. He was next employed in engineering works (improving the navi- 
gation of the outlets of the Ganges), and though appointed Chief Assistant 
on the Great Trigonometrical Survey of India in 1817, he remained for 
some months in Hindoostan to complete the establishment of a line of 
telegraphic posts from Calcutta to Benares. 

In 1818 Captain Everest joined the party under Lieut.-Col. Lambton, 
Superintendent of the Survey at the headquarters, Hydrabad. Well quali- 
fied for this appointment by education and habit, he entered with great 
spirit on the duties by which his name has become noteworthy in the 
annals of Geodesy. Before that survey was undertaken the topography of 
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India was as incorrect as it was scanty ; there was an error of forty miles 
in the breadth of the peninsula as laid down in the maps, and it was in 
consequence of a resolution of the East-India Company to amend this 
unsatisfactory state of things, by making their Atlas depend on trigono- 
metrical operations, that the survey was commenced. 

Captain Everest was carrying the work through an unhealthy part of 
the Nizam’s territory when, in 1820, his health failed, and he was ordered 
to the Cape of Good Hope to recruit. Here he employed his leisure in an 
examination of the tract of country in which La Caille measured an are of 
the meridian in 1752; and in a letter to Colonel Lambton he reviewed the 
circumstances under which the measurement had been made, and pointed out 
the discrepancies between the results and those obtained in similar opera- 
tions in the northern hemisphere. This letter, printed in the first volume 
of ‘Memoirs’ published by the Astronomical Society, led eventually 
to the remeasurement and extension of La Caille’s arc by Sir Thomas 
Maclear. 

On the death of Colonel Lambton m 1823, Captain Everest was ap- 
pointed Superintendent of the Survey, and devoted himself earnestly to the 
work. In the same year he took up the survey where his predecessor had 
left it in the valley of Berar, and extended it into the mountainous tract 
on the north. In November 1824 he measured a base-line in the Seronj 
valley, and in 1825 had carried the observations on to Bhaorasa, when 
his health again gave way, and he was compelled to seek the restorative 
climate of his native land. 

Profiting by his sojourn in England, Captain Everest made himself 
acquainted with new scientific results bearing on his special pursuit. He 
was elected a Fellow of the Royal Society in 1827. Part of his time was 
spent in drawing up an account of the progress of the survey* subsequent 
to the operations recorded by Lieut.-Col. Lambton in the ‘ Asiatic 
Researches,’ which, with tables, maps, and plans, was published at the 
cost of the East-India Company, by whose authority it had been prepared. 
In this work, among the many scientific details, Captain Everest gives a 
few particulars of his personal adventures in the carrying on of the work— 
of the severe measures by which he disciplined his native followers and 
quelled a mutiny among them—of separation from his instruments and 
provisions by sudden floods—of the explorations through wild jungles in 
search of favourable observing stations—of journeyings through vast and 
magnificent forests where, more to be dreaded than tiger or hyzena, lurked . 
the deadly typhus which prostrated him and his whole following. For 
months he was so weak that he had to be supported by two men while 
taking his observations at the great theodolite, and could not reach out his 
hand to the screw of the vertical circle without assistance ; yet, though 

* An account of the measurement of an arc of the meridian between the parallels of 


18° 3/ and 24° 7’, being a continuation of the grand meridional arc of India, as detailed 
by the late Lieut.-Col. Lambton. 4to, London, 1830, 
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advised to resort to the coast, he persevered with his task, having a convic- 
tion that his absence would be fatal to its prosecution. 

Colonel Everest returned to India m 1830, enabled to effect improve- 
ments in the survey, for he had made himself acquainted with the 
practice of the English Ordnance Survey, and with the best methods em- 
ployed in Geodesy in other parts of Europe ; besides which the Directors 
of the East-India Company had furnished him with the best instruments 
that could then be constructed. His labours and responsibilities were 
now largely increased ; for in addition to his post as Chief of the Trigono- 
metrical Survey, he had been appointed Surveyor-General of India. In 
1832 he resumed operations on the great arc, from which date it was 
diligently carried on until its completion in December 1841 by the remea- 
surement of the Beder base-line by Captain Waugh*. 

In this renewal of observations, one of Colonel Everest’s principal diffi- 
culties was the training of assistants. In some other respects the fatigue 
and risk were mitigated; by the use of proper signal-lights, the surveying 
could be carried on at night and during the hazy period of the hot winds, 
whereby the parties were less called on for exposure during the rainy 
season. ‘The chief himself was so indefatigable, that his contemporaries, 
playing on his name, were accustomed to speak of him as Neverrest. 
With his improved instruments, he was resolved to improve the Survey 
and tolerate no inferiority in the execution. On this point he writes, 
*‘ If I have had any reason to suspect any defect in the instrument, or any 
instability in the platform, or any want of precision in the signal observed, 
or even if I have found in drawing up the angles that they presented any 
discrepancies for which I could not account, I have always felt not only 
that I was at liberty, but that it was incumbent on me to reject the whole 
set bodily, and replace it by an ee new set of angles taken under 
circumstances free from objection.” 

With these concluding operations an arc of et dien more than twenty- 
one degrees in length had been measured by the two persevering chiefs of 
the Survey and their assistants, extending from Cape Comorin to the northern 
border of the British Possessions in India. Colonel Everest had speculated 
on carrying it further, beyond the Himalayas and across the wild regions to 
the north, until it struck the Russian triangulation within the dominions 
of the Czar. An arc stretching from the Indian Ocean to the Polar Sea 
would, indeed, as he himself describes it, have been ‘‘a vast project.” 

In 1843 he quitted India, and residing thenceforward in England, he 
brought out in 1847 his great book in two volumes quarto, ‘ An Account 
of the Measurement of two Sections of the Meridional Arc of India, bounded 
by the parallels of 18° 3’ 15) 24> e 7 and 20230) 48 ee ainerehic 

work, published also at the cost of the East-India Company, such particu- 

lars are set forth as will enable a scientific observer to test the manner of 

working and the results obtained, and full explanations are given of 
* Now Major-General Sir A. Scott Waugh, F.R.S, 
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the ingenious methods devised by the author for the elimination 
of error, together with tables, plans, and engravings of the instruments 
employed. For this work, and the long series of operations on which 
it was founded, the Royal Astronomical Society awarded their testi- 
monial (equivalent to a medal) to Colonel Everest. ‘The Great Meri- 
dional Arc of India,” said Sir John Herschel in presenting the testimonial, 
“is a trophy of which any nation, or any government of the world have 
reason to be proud, and will be one of the most enduring monuments of 
their power and enlightened regard for the progress of human knowledge.” 

The Asiatic Society of Bengal, on completion of the Survey, elected 
Lieut.-Col. Everest one of their Honorary Members, with an appreciative 
eulogium of his scientific services. He was a Fellow of the Astronomical 
and of the Royal Asiatic and the Geographical Societies. Of the latter he 
was a member of Council, and filled the office of Vice-President. He was 
knighted and made C.B. in 1861. His scientific writings are comprised in 
the two works above mentioned, in papers on subjects connected with sur- 
veying published in ‘ Asiatic Researches’ and in the ‘Memoirs’ of the 
Astronomical Society, and in a letter on certain computation errors dis- 
covered in the logarithm tables of the Great Survey, printed in the ‘ Pro- 
ceedings’ of the Royal Society. 

In 1863-65, Sir George Everest served on the Council of the Royal 
Society. He died in London, December 1, 1866. His name having been 
given to one of the highest summits of the Himalayan range, will long be 
remembered in India. 


JoHn Goopsir, Professor of Anatomy in the University of Edinburgh 
from 1846 to 1867, was born in the year 1814, at Anstruther in Fife, in 
which county his father and grandfather were well known and. much re- 
spected medical practitioners. 

When little more than a boy he was sent as a student of arts to the Uni- 
versity of St. Andrews, where he passed through the curriculum, but, as 
was the custom at that time, without taking his degree. At this early 
period of his life he was fond of the study of metaphysics, and imbibed the 
doctrines of Coleridge, which indeed gave a colour to the whole of his sub- 
sequent thoughts and speculations. 

Being destined to follow the medical profession, he was apprenticed to 
Mr. Robert Nasmyth, the eminent Dentist in Edinburgh, and during his 
apprenticeship pursued his medical studies in the University and Royal 
Infirmary in that city. His anatomical teacher was Dr. Knox, and in his 
practical rooms he made the acquaintance of Edward Forbes, which soon 
ripened into friendship. For Forbes and Goodsir had tastes in common ; 
they both took an active interest in watching the habits and tracing out the 
structure of animals, and their conjoint researches added several new mem- 

ers to the British fauna. 

When he had obtained the Licence of the Edinburgh College of Sur- 


XV 


geons, Mr. Goodsir returned to Anstruther, where, whilst assisting his 
father in practice, he found time to pursue his anatomical and zoological 
studies, and in 1838 brought before the British Association his observations 
on the Development of the Teeth. 

Shortly after this he returned to Kdinburgh to fill the office of Conser- 
vator of the Museum of the College of Surgeons, for the duties of which he 
was well adapted, not only from his anatomical knowledge, but from his skill 
in preparing and displaying anatomical and pathological specimens. He 
now became a Member of the Wernerian, Botanical, Medico-Chirurgical, 
and Royal Societies of Edinburgh, and communicated to their Proceedings 
and Transactions numerous memoirs, which rapidly brought him into notice 
as an industrious and keen cbserver of animal form and structure in both 
healthy and morbid conditions. His well-known papers on Sercina, on the 
anatomy of Amphioxus lanceolatus, on secreting structures, and on the 
structure of the placenta may be mentioned as examples of his work at this 
period. 

In 1842-43 he delivered lectures at the College of Surgeons, in which 
he enunciated his views on various important physiological and pathological 
processes, which were subsequently incorporated, along with some obser- 
vations by his brother Harry, in an octavo volume published in 1845. In 
these lectures he contended that the nucleus of the cell was a persistent 
element of the textures, that it existed even within the bone-corpus- 
cles, that it played a most important part in the nutrition of the textures, 
and that great multiplication of the nuclei occurred in disease of cartilage, 
bone, and other tissues. 

In 1844 he was appointed Demonstrator of Anatomy in the University 
to Dr. Monro ¢ertius, and on the resignation of that gentleman in 1846 he 
succeeded him in the Chair of Anatomy, an office which he continued to 
hold until his death. In the same year he communicated to the Philoso- 
phical Transactions a Memoir on the Development of the Suprarenal, 
Thymus, and Thyroid Glands, and was elected a Fellow of the Royal 
Society. 

Mr. Goodsir enjoyed for many years remarkable success as a teacher. 
He gathered together a large nnmber cf students, and for several years the 
attendance on his class numbered between 300 and 400. In his Lectures 
on Human and Comparative Anatomy he did not satisfy himself with giving 
a mere descriptive account of the various structures he was called on to ex- 
pound, but he pointed out the relations of his science to physiology, patho- 
logy, histology, morphology, and development. It was to this mode of 
illustrating the dry details of anatomy, more perhaps than to any special 
faculty for exposition, that his success as a teacher was due. He worked 
most assiduously at Comparative Anatomy, and by his labours the collection 
in the Anatomical Museum of the University has been very largely increased, 
partly by the specimens added during his lifetime, and partly by the pur- 
chase of his private collection since his decease. In 1850 he projected and 
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edited the Annals of Anatomy and Physiology ; but as his health shortly 
afterwards began to give way, the journal, after three numbers had been 
published, was discontinued. In 1853 he was obliged to withdraw for a 
year from active work; and though after his return from the continent he 
resumed the duties of his chair, yet he had to depute much of the work he 
had at one time performed to an assistant. He still continued, however, 
his original investigations, and in 1856 published a series of memoirs on the 
morphology of the skeleton. The mechanism of the joints also attracted a 
large share of his attention, and he has left behind him some manuscript 
essays on this subject which will shortly be published in the collected edi- 
tion of his writings. The paralytic affection from which he suffered gra- 
dually impaired the vigour of his constitution. At the close of 1866 he 
could no longer attend to the duties of his class, and he died at Wardie, a 
suburb of Edinburgh, on the 6th of March, 1867. The retired life he had 
led for many years before his death gave him much time for private study, 
and his extensive knowledge of modern languages, as well as the excellent 
library he had collected, made him well acquainted with the progress of 
anatomy in all its departments. He worked at his science in a high-toned, 
philesophic, and most honourable spirit ; and in his scientific and personal 
relations he strove to be candid and just to all men. 


Witi1aAmM Gravatt was born at Gravesend in 1806. His father, 
Colonel Gravatt, having been appointed Inspector of the Royal Military 
Academy, settled with his family at Woolwich; and here William Gravatt 
acquired his first practical knowledge in military and civil engineermg. He 
was sent in due time to the establishment of Messrs. Donkin and Co. to be 
prepared for his future profession of civil engineer, and soon secured the 
good opinion of his masters as well as the regard of his fellow pupils. 
During his engagement with Messrs. Donkin he was employed for some 
time at the Thames Tunnel, and was twice instrumental in saving the lives 
of men who were working there. His first independent employment was 
in 1832, when he was appointed Engineer to the Calder and Hebble Navi- 
gation at Halifax. In 1833 he removed to London, and was elected a Fel- 
low of the Royal Society. About this time he invented the level which 
bears his name, and introduced the system of reading the staff with 
the telescope, instead of trusting to the staff-bearer—a method of working 
which has long superseded all other modes of observation. Mr. Gravatt 
also contrived another instrument, which he called a Nadir, of great value 
in carrying out a system of levels in cases when there were obstacles to the 
employment of a regular staff of assistants. When M. Scheutz brought 
over his calculating machine to this country in November 1844, Mr. Gra- 
vatt announced its arrival to the Royal Society, and took a lively interest 
in it. He further undertook to explain the mechanism and operation of the 
machine to men of science and others who chose to inspect it, and after- 
wards proceeded with the machine to Paris for the same purpose. He 
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also superintended the publication of a volume of Specimen-Tables calcu- 
lated and printed by its agency. In 1856 Mr. Gravatt read to the Roya] 
Society a paper upon the theory of the Gyroscope, which was at that time 
exciting much interest in the scientific world. About the same time he 
published a short pamphlet upon the propulsion of ships by means of a jet 
of water, an application of power which seems now likely to be brought into 
practical use. 

Mr. Gravatt’s life was unfortunately terminated on the 30th of May, 
1866, by the accidental administration of an excessive dose of morphia. 


CHARLES JAMES HARGREAVE was born near Leeds in December 1820. 
After leaving his school (Bramham College) he distinguished himself at 
University College, London, and took the degree of LL.B. with honours 
in the University of London. From 1843 to 1849 he was Professor of 
Jurisprudence in University College. Having acquired a high reputation 
at the equity bar, he was appointed in 1849 a Commissioner of the Incum- 
bered Estates Court in Ireland. 'Those who know the nature of the duties 
and the state of things for remedy of which the court was created, will be 
aware that a singular combination of legal knowledge, sound judgment, and 
imperturbable temper was required. All were found in Mr. Hargreave, as 
was soon seen and acknowledged. The condition of those who came under 
the jurisdiction of his Court was described, we believe by Mr. Hargreave 
himself, in a manner which, all jokes being logical fallacies, has no worse 
fault than the sophism of a part for the whole. He said that punch was 
no longer known in Galway, only toddy ; for whiskey and sugar could be 
got on credit from Dublin, but lemons required ready money. Of himself, 
his colleague (Judge Longfield) wrote as follows :—‘It may be said that 
his first experience in a court of justice [he had been a conveyancer and 
draughtsman] was to preside in it as judge. But no person could observe 
any deficiency. His patience, his learning, and his impartiality quickly re- 
ceived the respect and confidence of the practitioners in his court, and his 
unequalled sweetness of temper made him a general favourite. .... But he 
was most in his element when an unusual combination of circumstances and 
complicated deeds seemed to produce inextricable confusion. His habits 
of order and his fine mathematical mind at once arranged the rights of 
the parties with a certainty approaching mathematical demonstration. He 
never seemed happier than when he was engaged in a subtle mathematical 
analysis, or in determining the rights arising from a deed when every event 
occurred except those contemplated by the conveyancer who drew the in- 
strument.”’ 

Judge Hargreave (so entitled from 1858, when the court was made per- 
manent) died at Bray, County Wicklow, April 23, 1866. There is no 
doubt that his constitution was destroyed by his junction of two severe intel- 
lectual pursuits ; and there is too much reason to fear that the excitement 
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-of his last effort, presently noticed, was the immediate cause of his death. 
He became a Fellow of the Royal Society in 1844. In the ‘ Transactions’ 
for 1848, 1850, 1858 appear his papers on Differential Equations, on 
Linear Equations of Differentials and of Differences, and on the Problem of 
Three Bodies, the first of which received a Royal Medal. His other com- 
munications are to the Philosophical Magazine, 1847-1864. One separate 
and posthumous work, ‘An Essay on the Resolution of Algebraic Equa- 
tions,’ 1866, Svo (printed for private circulation), demands notice. This spe- 
culation especially refers to equations of the fifth degree, or quintics. Mr. 
Hargreave believed himself to have arrived at a solution in the same sense 
and manner as the cubic has long been solved. The solution of the cubic 
is not quite pure. An expression having nine values, or three triplets, 
gives in each triplet the three roots of one of three cubics, which only 
ditfer in containing different cube roots of unity. Mr. Hargreave alleges 
that he produces five similarly associated quintics, of which the five quin- 
tuplets of roots can be given in an expression of the 25th degree. The 
complexity of the analysis, compared with that of a quadratic, is pro- 
bably in even a higher ratio than the complexities of the discriminants 
(p- 9) of a quintic and a quadratic ; and there will be very few readers. 
The result cannot yet be pronounced upon; but assuredly the thought and 
the skill employed will remain the subjects of lasting admiration. 

His old teacher, Mr. De Morgan, informs us that the most remarkable 
point, though not the greatest, about Mr. Hargreave was the change in his 
handwriting. From sixteen to eighteen years of age he wrote in a manner 
which almost required a microscope to decipher; his examination-papers 
put the proof of the binomial theorem into the area of avisiting card. He 
emerged from his legal studies with a round Roman hand of more than 
average size, and much more than average legibility. 


On the 22nd January, 1867, died at Plymouth Sir Wixi1aAm Snow 
Harrts, Kt., in his seventy-fifth year. He was the only son of Thomas 
Harris of Plymouth, Solicitor, whose family had settled im that town as 
early as the year 1600. He was educated first at the Grammar School at 
Plymouth, after which he entered the medical profession, and completed 
his studies in Edinburgh. Uarris commenced the practice of his pro- 
fession as a militia surgeon, and afterwards became a general practitioner 
in Plymouth; but his love of science, especially of electricity, interfered 
with his practice. 

In 1820 he invented a system of lightning-conductors, by which he 
became more generally known than by his discoveries. This system had 
reference chiefly to the defence of the Royal Navy from the destructive 
effects of lightning, and its peculiarity consisted in permanently fixing 
sufficiently massive copper bands in the masts, and in leading these copper 
lines along the ship’s timbers to the copper sheathing, so as to afford the 
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required security at all times, and under all the variable circumstances in 
which the ship might be placed. 

In 1824 Harris married the eldest daughter of Richard Thorne, Esq., 
of Pilton, North Devon, and from this time he chiefly devoted himself to 
the cultivation of electrical science. The earlier results of his study at this 
period were for the most part laid before the Royal Society of Edinburgh 
in a series of papers, the first of which, entitled “‘ Experimental Inqui- 
ries concerning the Laws of Magnetic Forces,” appeared in the ‘ Trans- 
actions’ in 1829; but the paper is dated Plymouth, July 1, 1827. It 
contains an account of the hydrostatic magnetometer. The second 
paper, “On a new Electrometer, and the heat excited in metallic bodies 
by Voltaic Electricity,” is dated May 5th, 1831. The third paper, dated 
April 5th, 1833, is «On the Investigation of Magnetic Intensity by the 
Oscillations of the Horizontal Needle.’ By this time the author had been 
elected a Fellow of both the London and Edinburgh Royal Societies. 

The bent of Harvris’s mind for improving and constructing electrical 
instruments is shown at this early period. Indeed his connexion with the 
Royal Society was in a great measure due to this cause. The President, 
Sir Humphry Davy, having been attracted by his electrical thermometer, 
invited him to give an account of it to the Society, which he did in 1826 ; 
and his first paper appeared in the Philosophical 'Transactions under the 
following title: ‘““On the relative powers of various metallic substances 
as conductors of Electricity.” 

Harris’s researches on some of the elementary laws of electricity ap- 
peared in the Philosophical Transactions in 1834, 1836, and 1839, and 
they display in a striking manner the author’s ingenuity and delicate mani- 
pulative skill. He was not satisfied with the attainment of his end by 
any means, but the means themselves were the subject of long and patient 
thought and repeated trials, until the best means possible under the cir- 
cumstances had been hit upon. ‘This care in the selection and improve- 
ment of apparatus might seem to an ordinary observer to be often super- 
fluous, but it led to success, and to the thorough understanding of the 
conditions of success; so that the ultimate failure of an experiment in 
Harris’s hands became next to impossible. Bat with all this love of ap- 
paratus, and of its minute details, Harris had none cf the spirit of a mere 
mechanical artist ; he knew that the best instrument does the best work 
only under the guidance of the best mind. But Harris’s ingenuity was by 
no means confined to his apparatus. There was not a room in his house, 
from the attic to the kitchen, that did not bear marks of an original mind. 
He converted the ceiling of his children’s nursery into a planetarium, and 
the floor into a compass card. He did not disdain to invent a child’s toy, 
or to rectify a defect in his ingenious kitchen range. 

In 1835 the Copley Medal, the “olive crown” of the Royal Society, as 
Davy loved to call it, was bestowed on Harris in recognition of the value 
of his papers on the laws of electricity of high tension. In 1839 his 
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“Inquiries concerning the Elementary Laws of Electricity ” formed the 
subject of the Bakerian Lecture. 

In the midst of these researches concerning the general doctrines of 
electricity, Harris had never ceased to labour at the practical question of 
the protection of ships from lightning. Erroneous views on the subject were 
then common; highly educated men and naval officers were found to 
affirm that lightning-conductors did more harm than good; that they 
attracted lighting to the structure they were intended to protect, and more 
to the like effect. A mixed commission of naval and scientific men was at 
length appointed by Government to take the whole subject under review. 
The committee met several times in the rooms of the Royal Society at Somer- 
set House, and Harris was called upon to give his evidence. Dr. Wollaston 
took great interest in the inquiry, and was present during Harris’s experi- 
ments, which were so satisfactory that the committee earnestly recom- 
mended his system for general adoption in the Royal Navy. Still, how- 
ever, he had much opposition to contend with. Trial had been made of 
his conductors in the case of ten ships sent to various parts of the world, 
and experience had fully proved their value, yet an order was given (or 
threatened) for the removal of the conductors from each ship as soon as 
it came into dock. But in the mean time the protective effects of his 
system were so strikingly exhibited on shore, that the order above referred 
to was never carried out. Some granite chimneys in the victualling-yard 
at Devonport were in the course of being fitted with the conductors. In 
the .case of one chimney the fittings were completed, in the other the 
work was delayed in consequence of some adverse order. A storm passed 
over Plymouth, the protected chimney was unhurt, the unprotected one 
was struck and rent asunder. 

Harris’s conductors now began to find favour at the ‘Ageia and the 
scientific discoveries of their inventor were at length recognized in the 
same quarter, so that he was recommended to the Government as worthy 
of an annuity of £300 “in consideration of services in the cultivation of 
science.” Prejudices against his system, however, lingered in the minds 
of naval men and others, and in order to remove them Harris published 
in 1843 his well-known work on ‘Thunder Storms.’ He endeavoured also, 
in papers in the Nautical Magazine and in separate pamphlets, to spread in- 
formation concerning damage by lightning. THe was always on the watch 
for an illustrative example, and once he got the trace, never gave it up until 
he had tracked it to the ship’s log deposited in Somerset House, or obtained 
an account from the captain or one of the officers of the ship that had been 
struck. Accounts of such casees, in the form of letters or pamphlets, 
he caused to be circulated among persons in authority, including the 
various foreign ambassadors; and it may be mentioned that Harris’s 
system was adopted in the Russian Navy before it was fully admitted into 
ourown. In 1845 the Emperor presented Harris with a valuable ring and 
a superb vase, in acknowledgment of the merits of his system. 
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At length all difficulties in the way of his long-cherished object were 
overcome. The various cbjections to his conductors had been met, the 
merits of his system were clearly understood, and its adoption in the Royal 
Navy was secured. It was then also felt that some further public recogni- 
tion was due of the benefit thus conferred on the Naval force and mari- 
time industry of this country and the world. Accordingly, in 1847 the 
honour of knighthood was conferred upon him, and soon afterwards a 
grant of £5000 was made to him by Government, in consideration of his 
public services. In 1850 he was elected an Honorary Member of the Naval 
Club at Plymouth, and in 1854 of the Royal Yacht Club at Cowes, as an 
especial acknowledgment of his services to the Royal Navy. Nothing 
could be more congenial to his tastes, for he was always more of a sailor 
than a landsman. He had a yacht of his own, and was never tired of 
exercising it; but he loved to be on the sea in whatever craft. 

In the midst of his multiplied engagements Sir William did not forget 
the claims of elementary instruction in science. The Manuals of Elec- 
tricity, Magnetism, and Galvanism published in Weale’s “‘ Rudimentary 
Series,’ and which had a large sale, testify to the activity of his mind in 
- this direction. 

Harris's sympathies were with the Bennetts, the Cavendishes, the 
Singers, the Voltas of a past age: Frictional electricity was his forte, and 
the source of his triumphs. He was bewildered and dazzled by the elec- 
trical development of the present day, and almost shut his eyes to it. He 
. was attached too closely and exclusively to the old school of science to 
recognize the broad and sweeping advance of the new. He was not con- 
scious even of being behind his age when he presented to the Royal Society 
in 1861 an elaborate paper on an improved form of Bennett’s discharger, 
and still less in 1864, when he discussed the laws of electrical distribu- 
tion, and still relied upon the Leyden jar and the unit-jar. 

Although Sir W. Harris’s powers as a scientific inquirer cannot be 
reckoned as on a par with those of some of his great contemporaries, he 
was highly ingenious and inventive, a clear thinker, and a suggestive 
writer. He did his work well, and left his mark on tke science of his 
day ; and while some ofhis labours will be forgotten and others be ab- 
sorbed and blended with the branch of physical science that he cultivated, 
still there are many points in Harris’s character as a man, and in his 
habits as a philosopher, which will be dwelt on with pleasure and profit. 

In August 1861, on returning from an excursion in his yacht, Sir Wil- 
liam was seized with a painful disease of the eyes (tritis), which did not 
yield to medical treatment during some months. He was confined to the 
house until the following May. In the autumn of 1862, in consequence 
of a return of the malady, he underwent two painful operations; but the 
result eventually was, that he lost the sight of one eye, and found the 
vision of the other much impaired, and his general health weakened. 

Recovering, however, in some measure, from this trying illness, he be- 
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came most anxious to complete a work the materials for which had been 
accumulating during a series of years. This was a complete Treatise on 
Frictional Electricity, to which he intended to add biographical notices of 
the leading electricians of the past. He had also prepared a minute ac- 
count of the history of the Leyden jar. The first portion of this work was 
completed, under the supervision of the author, at the close of 1866, when 
Sir William was seized with his last illness, which ended fatally on the 
evening of the 22nd January 1867. He bore his sad calamity during five 
years and ahalf with the greatest patience, calmness, and fortitude, and was 
never heard to murmur. 


Dr. Wittiam Henry Harvey was born near Limerick, on February 5, 
1814. Educated at Ballitore School, Kildare, his yeuth was spent in his 
father’s office at Limerick ; but a love of natural history very early deve- 
loped itself, and even while engaged in business he found time to pursue 
botanical studies with ardour and success, contributing in 1832 and 1834 
articles on “Alge’’ to Sir William Hooker’s ‘ British Flora,’ to the 
‘ Botany of Beechey’s Voyage,’ and to Mackay’s ‘ Flora Hibernica.’ 

His scientific zeal led him in 1835 to accompany his brother to the 
Cape of Good Hope, to which colony the latter had been appointed Trea- 
surer and Registrar-General. The results of his botanical studies during 
his stay there he embodied in numerous contributions to periodical litera- 
ture, and in his ‘ Genera of South African Plants,’ a work the second edi-— 
tion of which was nearly ready at the time of his death. He came home 
from the Cape in 1839, but returned again in the following year to fill the 
place of his brother, who had died on the voyage home. , 

In 1844 he returned to Ireland upon being appointed Keeper of the Her- 
barium to the University of Dublm. He also received the honorary degree 
of M.D. of that University, and was soon after elected Professor of Botany 
to the Royal Dublin Society. His botanical zeal and energy manifested 
itself by the commencement, in 1845, of the publication of his ‘ Phycologia 
Britannica,’ a magnificent work, the numerous plates of which were drawn, 
lithographed, and coloured by himself. 

Upon the occasion of being invited to deliver a course of lectures on 
Algee before the Lowell Institute, Boston, U.S., he travelled in North 
America during 1849-50, carefully exploring the coast from Halifax to 
the Keys of Florida, and collecting material for a large work, the ‘ Nereis 
Boreali-Americana,” which was published by the Smithsonian Institute. 
During 1853-56 he made a long tour in the Southern Hemisphere, the 
University of Dublin continuing to grant him his full salary, and Professor 
Allman delivering his lectures to the Royal Dublin Society. Visiting 
Ceylon, Australia, Tasmania, New Zealand, the Friendly and the Fiji 
Islands, he investigated and collected the algze of these countries, and on 
his return home published a part of his results: in his Bhyeoae Aus- 
tralis.’ 


Xxill 


In 1859 he commenced, in conjunction with Dr. Sonder and with the 
assistance of the Cape Government, a complete description of the flowering 
plants and ferns of South Africa, in a work entitled “ Flora Capensis,’’ the 
chief share in the labour of which fell to Dr. Harvey. As a companion 
to this he also commenced a series of illustrations under the title ‘Thesaurus 
Capensis.”” Neither of these works did he live to see completed. 

In 1856, the Chair of Botany in the University of Dublin becoming va- 
cant through the removal of Professor Allman to Edinburgh, Harvey was 
chosen to fill it, and about the same time he was appointed lecturer at the 
Trish Museum of Industry. 

Unhappily his unceasing labours began to tell upon his health; and 
though he recovered from a severe illness which prostrated him in 1861, 
his condition in 1864 became so alarming that he was obliged to pass the 
following winter and spring in the south of France. The improvement he 
experienced there was, however, but temporary; and after another winter 
spent at Dublin in painful attempts to finish the works he had begun, he 
removed to Torquay, where he died, May 15, 1866. 

He was thus cut off before he could receive the full acknowledgment 
of his many services to science. He had, however, achieved a great repu- 
tation as a botanist, and on his own especial subject of Algee he was admitted 
to be the first authority. He was an accurate and careful observer; the 
numerous illustrations, all drawn and lithographed, and many coloured, by 
his own hand, are evidence that he spared no pains to make his works 
trustworthy and sure, while the personal expense and risk to which he ex- 
posed himself both in his exploring expeditions and in his literary under- 
takings, testify to his devotion to science. He was as modest as he was 
meritorious, and his personal character endeared him greatly to his friends. 
His election to the Royal Society is dated June 3, 1864. 


Percrvat Norton Jounson died on the Ist of June, 1866, aged 73. 
He was the only son of John Johnson, at one time the only commercial 
assayer in London; and after working with his father for some years, he 
established himself in Hatton Garden half a century ago. 

He rapidly rose to the highest eminence as an assayer and metallurgist ; 
and his opinion was so much sought after that he could hardly get through 
the work which crowded upon him. 

It is not a little remarkable that the extreme accuracy of his assays was 
made a ground of objection to them. [He for the first time reported the 
exact amount of gold and silver in the specimens submitted, whereas, before, 
the quantities had only been stated approximately ; and this was not 
relished by the buyers of bullion, inasmuch as contingent advantages in buy- 
ing upon exactly known value were not so great. Upon this being represented 
to him by the merchants, he at once stated that he was willing, if required, to 
purchase all bars upon his own assays ; and this was the reason of his taking 
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up the refining business, in which he so largely and successfully engaged. 
His ability in this (as in all other branches that he entered upon) was soon 
recognized publicly ; and when the gold bars from the Brazilian ‘“‘ Gongo 
Soco”’ mines, which came over in very large quantities, were refused at the 
Mint on account of brittleness, he was consulted on the matter, and under- 
took to refine and toughen them, in which he perfectly succeeded. 

It was in this gold that he discovered the existence of palladium ; and 
having succeeded in its separation, he introduced it commercially, at once 
determining and making known the best uses to which it could be applied. 

After he had been in business some years he visited Germany, and was 
much interested in mining operations there, to which he gave special atten- 
tion. It was at this time that he met with the compound alloy called 
“‘ German silver,” then in a very crude state of manufacture. He brought 
over with him some of the metal, analyzed it, and upon the basis of his 
analysis he commenced and carried on its manufacture, and introduced it 
to general use, laying the foundation of the enormous business which has 
since arisen in this branch of metallurgy. 

About this time he was much engaged in mining pursuits, and was con- 
sulted upon, and visited professionally, nearly all the mines in England, 
Wales, Scotland, and Ireland, and many important ones abroad. He was the 
first to mtroduce into Cornwall the German shaking., jigging-, and washing- 
table, with important improvements of hisown. He will always be remem- 
bered throughout the mining districts for his great kindness and considera- 
tion toward the miners, whose social condition it was his constant aim to 
improve. At great expense to himself, he erected schools in the neigh- 
bourhood of the mines, and took an active part in their supervision. He 
also used his utmost endeavours to alleviate the toil of the workmen in 
ascending and descending mines, and with this view he, at the Tamar 
mines, made the experiment of a sloping gallery, which ran for a consider- 
able distance under the river, by which means the miners could walk up 
and down without the use of a ladder. 

Amongst his many inventions of less note may be mentioned several pot- 
tery colours, amongst them the ‘rose-pink,”’ at a time when that colour 
was much wanted in the potteries. 

His greatest success, however, and that which has proved the most 
valuable to the progress of chemistry and manufacture generally, was the 
platinum business. To him undoubtedly belongs the credit of having been 
the first who successfully refined and manufactured platinum upon a com- 
mercial scale, and introduced it for the important purposes to which it is 
specially adapted. The first large and perfect sheet of pure platinum ever 
produced was made by Mr. Johnson at 79 Hatton Garden; and, seeing 
the immense importance of the metal, he ever since made it his spe- 
ciality. aes, 

Tis eminence as an analyst should also be noticed; so great was it, that 
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the only other commercial assayers in London, though his rivals, used to 
send him all compounds or minerals of a difficult and complicated nature 
to report upon for them. 

Accomplished as he was in his department, and singularly successful in 
perfecting whatever he undertook, his opinion was always sought for with 
earnestness and received with confidence. Few men have worked more 
perseveringly and effectively for the improvement of their profession. 

Mr. Johnson was elected a Fellow of the Royal Society on April 30, 
1846. 


The life of Sir Witt1AmM Lawrence, Batt., closed on the 5th of last 
July. He had nearly completed his 84th year. Not more than two years 
before his death he resigned his active duties at St. Bartholomew’s Hos- 
pital, but even then he did not cease from work, and was attacked with 
apoplexy just previous to an examination at the College of Surgeons. 

Lawrence, the son of a surgeon, was born on the 16th of July, 1783, at 
Cirencester, in Gloucestershire. After receiving a preliminary education 
at a private school, in his seventeenth year he came to London, and was 
apprenticed to Abernethy, in whose house he resided for five years. But 
at the expiration of three years, being then only twenty, he was appointed 
Demonstrator of Anatomy at St. Bartholomew’s Hospital. He discharged 
the duties of this office with remarkable ability for twelve years. When 
twenty-two, he received the diploma of the Royal College of Surgeons. 
Fight years afterwards he was appointed Assistant-surgeon to St. Bartho- 
lomew’s Hospital, and eleven years later still he became one of the principal 
surgeons. He held this office for more than forty years, and when he 
retired in 1865, he was unanimously elected by the Governors to the com- 
plimentary office of Consulting Surgeon. Thus from first to last he was 
connected with the hospital for sixty-eight years. 

It is well known that at the early period of his life he worked very hard 
without interruption, as indeed he did almost to the last. Besides dis- 
charging his public duties with rare efficiency, he read very much and 
wrote too. At eighteen years of age he published an anonymous transla- 
tion of a Latin work—Description of the arteries of the human body, by 
Dr. Ad. Murray, Professor at the University of Upsal. In his twenty- 
sixth year he obtained the Jacksonian Prize for an essay on Hernia. This 
was the foundation of his important book on the subject, which went 
through five editions. Lawrence on Ruptures has been for many years 
past, and wil] be for many years to come, a standard work on the subject 
of which it treats. It is remarkable, not only for the thoroughly good 
English in which it is written, and for clearness and justness of thought, 
but for the mastery of the subject which it exhibits, and for widely ex- 
tended and accurate research. 

In the year he obtained the Jacksonian prize, he published a translation 
of Blumenbach’s Comparative Anatomy. About the same time appeared 
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his paper on Fungus of the Testis. The novel plan of treatment therein 
proposed was generally accepted and adopted for many years. 

In 1814 he was appointed Surgeon to the London Infirmary for Diseases 
of the Eye, now called the Royal London Ophthalmic Hospital, and in the 
following year surgeon to the Royal Hospitals of Bethlehem and Bridewell. 
These offices he held for many years. He devoted a very large share of 
his attention to the study of diseases of the eye, and in 1833, after many 
years of patient observation and reflection, he produced his celebrated trea- 
tise on the subject, having previously (in 1830) published a smaller volume 
on syphilitic diseases of the eye. A comprehensive work, written with all 
the ability and skill which characterized his work on Hernia, it may be 
said to have marked an epoch in ophthalmic surgery. It was translated 
into many languages, a portion of it even inte Arabic, and went through 
many editions in English. The last was published in Philadelphia in 
1854. 

In 1813 he was elected a Fellow of the Royal Society, and subsequently 
nominated a Vice-President. But it does not appear that he ever contri- 
buted any paper. 

In 1815 Lawrence was appointed Professor of Anatomy and Surgery to 
the College of Surgeons. There, during the years 1816, 1817, and 1818, 
he delivered those famous lectures on Comparative Anatomy, Physiology, 
Zoology, and the Natural History of Man, which astonished so many, and 
aroused such animosity, that had their author been a man of less capa- 
bility, he would, beyond doubt, have been ruined for life. 

The question at issue between the author and his assailants is not one 
which can be discussed within the limits of this notice. But it may be 
safely said, that were such a work to appear amongst us now, it wonld 
evoke no censure beyond that which lies within the bounds of fair scientific 
or literary criticism. The doctrine (if it can be so called) which then 
prevailed concerning the nature of Life, and the weakness of which Law- 
rence exposed with an unsparing hand, has long since become a dogma 
of the past; and in the discussion of this great question it is only fair 
to state that he was far in advance of his time. And, again, his view 
of the other chief subject, the relation of mind to brain, which was then 
denounced so fiercely, is (whether right or wrong) identical with that of 
many of the most enlightened physiologists of the present day. In scien- 
tific argument, Lawrence was more than a match for his opponents, but 
he was assailed by weapons which have happily been since discarded by 
the champions of knowledge. It may, however, be urged in excuse for 
the grievous misrepresentation to which he was subjected, that he was 
not always sufficiently careful to guard against being misunderstood, and 
proclaimed what he then, and to the last, believed to be the truth, with 
disregard of, or indifference to, the convictions of those who were then 
looked up to as the leaders of thought. 

In 1816 Lawrence published “An Introduction to Comparative Ana- 
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tomy and Physiology, being the two Introductory lectures delivered at the 
College of Surgeons on the 21st and 25th of March, 1816;” and in 1819 
he published “ Lectures on Physiology, Zoology, and the Natural History 
of Man.”’ This last was the celebrated volume Lawrence was subsequently 
induced to suppress; but in 1823, Carlile, without the sanction or consent 
of the author, indeed, in spite of anything he could do to restrain him, 
printed and published a volume, entitled “ Lectures on Comparative Ana- 
tomy, Physiology, Zoology, and the Natural History of Man,” which 
included and was simply a copy of the two volumes mentioned above. 
Many other editions, variously modified, afterwards appeared. The last, 
called the 9th, was published by Bohn in 1848. 

Lawrence taught at the Aldersgate School of Medicine in 1°26—27, but 
he retired from this in 1829, when he succeeded Abernethy as Lecturer on 
Surgery at St. Bartholomew’s Hospital. He occupied this chair for thirty- 
three years. 

In 1828 he was elected on the Council of the College of Surgeons, and 
in 1840 one of the Examiners, and subsequently he was twice President 
of the College. Moreover, he became a foreign Associate of the Institute 
of France, and a member of a host of other societies. Then he was ap- 
pointed, at first, Surgeon Extraordinary, and afterwards Sergeant-surgeon 
to the Queen. Finally, he received a title. 

Besides the works already mentioned, Lawrence wrote much. He con- 
tributed no less than eighteen papers to the Transactions of the Medical 
and Chirurgical Society, of which he was for many years a member, and, 
at one time, President. He wrote many of the articles on Natural Science, 
some of them at a short notice, in ‘“‘ Rees’s Cyclopedia.’ He contri- 
buted also to a work of Watt, entitled ‘‘ Anatomico-chirurgical Views of 
the Nose, Mouth, Larynx, and Fauces.”’ 

In 1863 (he was then in his eightieth year) was published his last 
work, “Lectures on Surgery.’ This, in one volume, by no means em- 
braces the whole course, but only that part of it which was devoted to 
what may be called the more general subjects, such as the nature of dis- 
ease, inflammation and its consequences, fever, wounds, and specific dis- 
eases. This charming book appeared perhaps somewhat after its time ; at 
all events, it would have produced more effect had its able and accom- 
plished author consented to numerous pressing solicitations to undertake 
the task—the materials being ready to his hand—many years before. But 
as it is, better late than never. it is enough to say of it that therein are 
embodied the most matured experience of the author, and the conclusions 
at which he had arrived or the opinions he had formed on some of the 
largest questions which arise in surgery ; and moreover it is written with 
such soundness of judgment and felicity of expression, that it is not only 
a highly instructive, but a very attractive volume. It is the work not 
only of a surgeon, but of a scholar. 

On two instances Lawrence delivered the Hunterian oration at the Col- 
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lege of Surgeons. On the last, when the great majority of those whom he 
addressed were hostile to the views he set forth, his power of public speak- 
ing was subjected to a test to which perhaps few men would have proved 
equal. For the second time in his life did he on a great occasion arouse 
the anger of his auditory, and excite against himself bitter feeling of resent- 
ment. The opinions he expressed on certain questions which were then 
agitating the minds of many in the profession, and the contempt with 
which he spoke of certain existing institutions, called forth from all parts 
of the theatre loud expressions of dissent and denunciation. Probably 
most of those present thought that the orator would shrink from so un- 
equal an encounter, and bow to the verdict which was so unequivocally 
pronounced. But Lawrence never for an instant wavered from his pur- 
pose. He, standing alone, calm and unshaken by the storm which raged 
around him, proceeded in a strain of unfaltering eloquence to the end, and 
concluded with a peroration cf such power and beauty that those who 
had, during the hour, been loud in condemnation, could not resist joining 
heartily in the burst of applause which greeted the close. Undoubtedly he 
then exhibited some of the greatest qualities of an orator. 

Lawrence was indeed richly endowed by nature, and he spared no 
pains to turn his great advantages to good account. Throughout his long 
life he enjoyed almost uninterrupted health ; for within not many months 
of his death, he declared that he had never been kept from his duties by ill- 
ness for a week together. His excellent health, notwithstanding hard work, 
continued through so many years with scarcely any intermission, although 
no doubt originally the result of an unblemished constitution, was yet, from 
first to last, carefully preserved by habits of singular regularity and uniform 
temperance in all things. No man could be less self-indulgent than he, 
no one was ever more orderly in his work or punctual to his engagements. 
Tn person too he was much admired. Above the ordinary height, elegant 
in form, strikingly handsome, and of noble presence, few who met him could 
have failed to be impressed. But Lawrence was still more remarkable for 
his powers of mind. Hisintellect, naturally of extraordinary strength and 
amplitude, had been very long and most industriously cultivated. Through- 
out his life, from the time when he first entered the hospital to its close, 
he was a diligent student, not of surgery only, in its highest and widest 
sense, and of those natural sciences upon which it is more immediately 
founded, but even of subjects less akin than those are to that which formed 
the business of his life. 

Apart from all professional knowledge and skill, Lawrence was undoubt- 
edly an accomplished man. He was a good classical scholar, and spoke 
fluently French, German, and Italian. His knowledge of history, both 
ancient and modern, was extensive, and in some parts perhaps profound. 
To the last he was true to the habit of his whole life. He not only read 
very much, and remembered to an extraordinary degree what he read, but 
thoroughly digested it, separating with remarkable skill the wheat from 
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the chaff. But beyond the more immediate occupation of his life—sur- 
gery, his chief affection was centred in those sciences which are included 
in Biology. He was not content to cultivate these sciences only, so far 
as they are supposed to be directly applicable to practice, but, from first 
to last, he pursued them for the charms they possessed. The zeal with 
which he studied, especially in early life, anatomy and physiology, human 
and comparative, is well known. Throughout his long career his interest 
in these subjects never flagged. 

Again, it is acknowledged by those most competent to judge, that he 
wrote well. His style was excellent—correct, perspicuous, and graceful. 
He spoke, too, admirably. Whether in private or in public, he never ap- 
peared at a loss either for thought or expression, but was always lucid and 
to the point. From egotism and all affectation he was supremely free. 

Although he was very fond in his later years of discussing with his 
friends any of the great questions of physiology, it does not appear that 
he ever committed his thoughts to writing. But those who listened with 
delight to his conversation were often led to regret that he was never 
induced to set forth his views in a more permanent form. There was 
something very attractive in the power of mind and range of knowledge 
which he, on almost all occasions, seemed to hold in reserve. ‘But two 
facts especially impressed themselves on those who talked with him. He 
was always thoronghly well read in the subject,'and his views, unfettered 
by prejudice, were ample and enlightened. 

As a surgeon, Lawrence was distinguished rather by his clear and vigo- 
rous conception of principles than by any special or peculiar skill in the 
details of practice. His was no low or narrow view of the requirements of 
surgery; its practice in his hands was no mere empirical or mechanical 
art, but he thought it worthy of the highest powers of the intellect. He 
was no mere skilled artisan,‘but a thorough philosopher. His great ability 
was never more conspicuous than in prognosis. At times, with marvellous 
dexterity, he would predict the issue of a case which baffled or misled every 
one around him. Thus his most daring achievements as an operator were 
often crowned with success, which to others appeared in the distance as 
the remotest chance. 

As an operator, he was decidedly skilful; but his skill was shown not 
so much in grace of action or in apparent manual dexterity,?as in the 
ability with which he accomplished the end in view, and the manner in 
which he brought the operation to a close. Near-sighted in early life, 
his vision in his declining years, except towards the end, not only did not 
fail, but in some respects improved. To the last he operated without 
glasses, and those which for some years he occasionally used at other times, 
still later he almost entirely laid aside. 

All his colleagues and pupils, and many others, were familiar with his 
amazing coolness and perfect self-possession under the greatest difficulties. 
He seemed never to be disturbed, even by the most perplexing and unto- 


XXX 


ward occurrence. Beyond the faintest blush which, perhaps, now and 
then for a moment passed over his countenance, no indication of any 
kind appeared that he was in the least degree affected. This wonderful 
equanimity made him the same at all times and under every circumstance. 
Whatever he may have cccasionally felt was known only to himself. So 
far as observation went, the worst difficulties of an operation, or the 
storm of an indignant assembly, alike failed to evoke any evidence of 
emotion. : 
In the memcir of Sir Benjamin Brodie, which appeared in the Preceed- 
ings of the Society, it was truly said, “There is no profession where a 
man may in his lifetime be so distinguished, and leave behind so slight a 
record of his life, as the profession of Medicine or of Surgery. With the 
death of the man, there perishes in such case a vast amount of personal 
skill and observation, which, beng unwritten, and, indeed, not capable of 
being written, can be amassed again only by the combination of similar 
talent, opportunity, and industry in another individual.’’? Lawrence was 
an eminent illustration of this. Great and various as the merits are of the 
chief of his published works, they afford no adequate conception of their 
author. Lawrence, too, was greater in speech than in writing: as a lec- 
turer, in his best days, he was probably without a rival; and those who 
knew him well will endorse the opinion of Sir Benjamin Brodie, that he 
was even greater in ordinary conversation than in public speaking. But, 
in truth, just as now his fame will not rest upon any single brilliant dis- 
covery, but upon the record of his whole work, so during life he was not 
remarkable for one great faculty in particular, but rather for that harmo- 
nious combination of various powers which made his character so com- 
plete. As asurgeon his name must ever be amongst the foremost of those 
which adorn the annals of his profession. W...8.:8. 


JoHN Lex, eldest son of John Fiott (a descendant of an old Burgun- 
dian family), was born April 28th, 1783. He entered St. John’s College, 
Cambridge, and in 1806 was fifth Wrangler, the senior for that year being 
Sir Frederick Pollock. In 1816 he took his degree of LL.D., and was 
afterwards elected a Fellow of the College, when, as Travelling Bachelor, 
he travelled widely on the Continent and in the Hast, during which time 
he gathered materials for the interesting collection of antiquities, which 
were subsequently arranged at Hartwell. In 1815 he changed his name 
by royal licence from Fiott to Lee, in compliance with his uncle’s will, his 
mother having been daughter of William Lee, Esq., of Totteridge Park, 
and granddaughter of Sir William Lee, Lord Chief Justice in 1754. 

In 1827 Dr. Lee succeeded to the whole of the family property, and be- 
came Lord of the manors of Hartwell, Stone, and Bishopstone, and patron 
of the livings of the two places first mentioned. The presentation to 
these livings he afterwards conferred on the Royal Astronomical Society, 
of which he was Treasurer from 1831 to 1840, and President in 1861-62. — 
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A few papers on archzeological subjects constitute nearly the whole of 
Dr. Lee’s contributions to literature; but as a patron he excelled, and well 
_ deserved the designation of ‘‘ our science-loving friend,’ bestowed on him 
by the late Admiral Smyth. One of his favourite occupations was the 
increase of the collections he had brought home from his travels; and 
visitors to the stately mansion of Hartwell will remember the pride with 
which the venerable owner conducted them from room to room, and 
‘fondly described his various treasures. His appreciation of antiquities led 
‘to his being chosen as Chairman of the Congress of the Archeeological 
Association and two local societies, which met on Bosworth Field in 1862. 

Dr. Lee’s chief claim to scientific consideration was the building of an 
observatory in the grounds at Hartwell, where for many years observations 
were carried on, which are of recognized value in astronomical aud meteor- 
ological science. It was there that Admiral Smyth continued his ‘ Cycle,’ 
which was afterwards published, in the handsome quarto known as ‘ Spe- 
eulum Hartwellianum.’ The cost of this and three other works, by the 
same hand, ‘ Descriptive Catalogue of a Cabinet of Roman Imperial large 
Brass Medals,’ ‘ Aides Hartwellianze,’ containing an account of the scientific 
observations there made by different observers, and of the mansion and its 
valuable contents, and ‘ Addenda’ to the same, was defrayed by Dr. Lee. 

Dr. Lee was twice married, but died without issue. He was a Member 
of Doctors’ Commons, in which he served the offices of Treasurer and 
Librarian, though he never entered actively into the practice of his pro- 
fession. His appointment as Queen’s Counsel by Lord Chancellor West- 
bury in 1864, afforded him high gratification. At the time of his decease 
he was the oldest magistrate in Buckinghamshire, having been named on 
the Commission of the Peace in 1819. 

Though somewhat eccentric in manner, Dr. Lee was considerate and 
bountiful to those around him. As a master and landlord he was much 
respected. He gave a thousand guineas towards the establishment of the 
Bucks County Infirmary. He founded the Lee Fund of the Royal Astro- 
nomical Society for the relief of widows and children of deceased Fel- 
lows, and presented to the Society the ‘Lee Circle,’ a valuable astrono- 
mical instrument. He was elected a Fellow of the Royal Society in 1831, 
and at the time of his decease, which took place February 25, 1866, 
was a Fellow of the Society of Antiquaries, of the Linnean, Geological, the 
Syro-Egyptian, and other learned bodies. 


SAMUEL Rorrry Marruanp died January 19, 1866, aged 74. His father 
was a merchant, of Scotch extraction, and in England a Nonconformist. 
The son was brought up in his father’s persuasion, and accordingly, though 
he was for some time at Cambridge, he could not proceed toa degree. He 
was of St. John’s College from October 1808 to February 1810, when he 
migrated to Trinity College, where, however, he never went into residence. 
He was called to the bar, practised for a year with good success, and then 
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abandoned the profession. He soon married, and settled at Taunton, where 
his father also settled. He then began the course of reading and cellection 
of books, which formed the basis of his future career. In 1821 he took 
orders in the Establishment, and became the incumbent of a new church at 
Gloucester. This post he resigned in 1830, having in the mean time found 
that his vocation lay towards theological writing; he had then published 
various controversal tracts on the prophecies. In 1838 he was appointed 
librarian to the Archbishop of Canterbury (Howley), from whom he re- 
ceived the degree of D.D.; at the death of that prelate, in 1848, he re- 
turned to Gloucester, where he passed the rest of his life. From 1838 to 
1865 is the period in which the works were produced which made him 
conspicuous among writers on medizeval history and theology. 

We need not enumerate Dr. Maitland’s numerous and multifarious wri- 
tings ; perhaps the most read is the ‘ Dark Ages, a Series of Essays,’ in 
indication of the period so called from the common charge of neglect of 
literature and of the text of the Sacred Scriptures. He was not a popular 
writer; his subjects are too recondite, and his learning too profound. 

But he is one of a class of whose writings it must be said, that wherever 
they take they bite. They are imbued, but not in excess, with a kind of 
humour which seems almost their own; some would describe it as quaint, — 
but this word alone only distinguishes its class from others; a journalist 
describes it as “sly, dry, and shy, but never high.” It has more likeness 
in it to the peculiar humour of Pascal than is seen in any other writer of 
our day. The character of Dr. Maitland’s learning is that of the man who 
reads books which he has always by him, as distinguished from that of 
the man who knows how to go to the library and find by references. He 
had nothing to do with libraries except his own, and that of which he was. 
for ten years iz loco possidentis. Of this library he published a list of the 
English works previous to 1600 which are found in it, with valuable biogra- 
phical references. As well as a man of letters, he was a book-fancier, and 
in early life a little of a bibliomaniac. His taste for these articles led him, 
when he first began to collect, to learn to bind them; and the writer of 
this notice remembers endeavouring, when a boy, to extract a book lettered 
‘ Maitland’s Works,’ and finding that he was trying his strength upon one 
of the uprights of the bookcase, all of which were backed and lettered by 
the owner. 

Dr. Maitland became a Fellow of the Society in 1839. He was for some 
years Editor of the ‘ British Magazine.’ Cautious in the highest degree 
about literary investigation, he was by temperament abold schemer. Long 
before Sir Rowland Hill appeared in the field he proposed to the Minister 
of the day that the Government should carry letters for nothing; he was 
satisfied that the deficit would be much more than made up by the impulse 
given to trade; and there are presumptions in favour of his view in the 
extraordinary tendency upwards of the revenue since the great change in 
the Post Office. In literature he was decidedly of opinion that it would be 
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amply worth its cost for the Government to pay for the construction of an 
index which should give reference to every human name mentioned in every 
book, from the invention of printing down to a recent period. 


Grorce Renniz, C.E., was born in the parish of Christchurch, Surrey, 
on the 3rd of December, 1791, and died on the 30th of March, 1866, at 
his house in Wilton Crescent, London. 

He was the eldest son of the great engineer John Rennie, and from his 
early years was destined for his father’s profession. His school education 
was commenced under Dr. Greenlaw, of Isleworth, and continued at St. 
Paul’s School under the mastership of Dr. Roberts. He was then sent to 
the University of Edinburgh to pursue his academical studies, and during 
two years of his stay enjoyed the great advantage of living in the house of 
Mr. Playfair, the accomplished Professor of Natural Philosophy, and author 
of the celebrated ‘Illustrations of the Huttonian Theory of the Earth.’ 
On his return to London in 1811 he entered on the practical study of en- 
gineering, and was soon able to assist his father in all the departments of 
his profession. 

In 1818, on the recommendation of James Watt and Sir Joseph Banks, he 
was appointed to the office, then become vacant, of Inspector of Machinery 
and Clerk of the Irons (i. e. dies) at the Royal Mint; and during the 
eight years that he held the appointment he made himself intimately ac- 
quainted with the construction and operation of the machinery employed in 
coining. The knowledge thus acquired stood him in good stead when he 
was called on, in conjunction with Messrs. Bolton and Watt, to furnish 
machinery for the Mints of Calcutta and Bombay, and, at a later time, for 
those of Mexico, Peru, and Lisbon, and when, in the reign of Louis Phi- 
lippe, he designed similar but more extensive machinery for the Paris Mint. 

On the death of his father he entered into partnership with his younger 
brother, now Sir John Rennie, and went through a long and active profes- 
sional career, during which the brothers were engaged in designing and 
executing many engineering works of great magnitude and importance, at 
home and abroad. Among these may be mentioned various national har- 
bours and docks and their subsidiary machinery ; extensive drainage works ; 
railway surveys and constructions, and as specially worthy of note, the first 
surveys of the present line of the Liverpool and Manchester railway, boldly 
and successfully carried by the Messrs. Rennie’s advice over the Chat Moss, 
and the Namur and Liege, and Mons and Ménage lines, planned and exe- 
cuted by them in Belgium; also bridges in various parts. London Bridge 
was erected after a design made by George Rennie, which had been approved 
by his father; but in consequence of his then holding a government appoint- 
ment his brother was appointed engineer to carry the work into execution. 
The Bridge over the Dee at Chester, with an arch of 200 feet span, is a 
monument of Mr. George Rennie’s skill in this species of construction. The 
original design of this great stone arch was by Mr. Harrison, a well-known 
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architect ; but as, through age and infirmity, he was unable to proceed with 
it, the whole plan was remodelled and rendered practicable, and the arch 
equilibrated with great scientific pes by Mr. Rennie, who further 
showed his constructive power by devising a very ingenious centre ‘om sup- 
porting the arch during the process of building. 

Mr. Rennie took much interest in the question of propelling vessels by 
the screw. The screw-propeller had been already tried at various periods 
and in various forms. Mr. Rennie’s attention was specially drawn to the 
subject in 1836, by certain successful trials then made by Mr. Pettit Smith 
with a screw-propeller fitted to a small open boat. After due considera- 
tion of the results of this experiment, Mr. Rennie was satisfied that the 
methed would be practicable and advantageous when applied on a larger 
scale, insomuch that he and his brother, at no small pecuniary risk, com- 
bined with some other enterprising persons to carry it into effect, and a 
vessel called the ‘Archimedes’ was built for the purpose, and fitted with a 
screw driven by engines of 80 horse-power. Notwithstanding adverse pre- 
dictions, the ‘Archimedes’ succeeded perfectly ; and the Messrs. Rennie 
subsequently, in 1840, constructed for the Admiralty an iron vessel of 210 
tons and fitted it with a serew-propeller, by which a speed was obtamed of 
twelve and a quarter miles per hour, which was four miles above the rate 
of the Admiralty paddle-steamers of that period. This vessel, the ‘ Mer- 
maid,’ was the first screw-propelled ship in the British Navy, and her intro- 
duction is a memorable event in the history of steam navigation. 

Throughout his busy practical life Mr. Rennie bestowed much time and 
thought on the scientific side of his profession, and undertook various ex- 
perimental inquiries on physical questions connected with it. Three papers 
containing the results of some of his investigations are published in the 
Philosophical Transactions, viz. “On the Strength of Materials,” in 1818 ; 
**On the Friction and Abrasion of the Surhiced of Solids,” in 1829; and 
**On the Friction of Fluids,” in 1831. ° To the British Association for the 
Advancement of Science he made two communications on the Quantity of 
Heat developed by Water when rapidly agitated, and presented to the same 
body an elaborate Report on the progress of Hydraulics as a branch of En- 
gineering, published in the volumes for 1833 and 1834; also Reports on 
Railway Constants (1838), and on the Changes in the Channels of the 
Mersey (1855 and 1856). He is the author of various contributions 
on bridges, water-wheels, and other subjects of practical engineering, in the 
‘Transactions of the Institution of Civil Engineers,’ in ‘ Weale’s Papers,’ 
and in Woolhouse’s edition of ‘ Tredgold on the Steam-engine.’ He also 
brought out a new edition of ‘ Buchanan on Machinery,’ and added much 
new matter. 

Mr. Rennie was elected a Fellow of the Royal Society in 1822; in 1845 
he was nominated a Vice-President, and appointed Treasurer in succession 
to the late Sir J. W. Lubbock, which office he held till 1850. He wasalso 
a member of several foreign academies. 
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Mr. Rennie married, in 1828, Margaret Anne, daughter of the late Sir 
John Jackson, Bart., M.P., by whom he has left issue two sons and a 
daughter. Some time before his death he met with a severe accident, from 
the effects of which he never recovered. 

Mr. Rennie was a man of gentle nature and quiet demeanour, in private 
as well as in public life greatly esteemed and respected. 


Henry Darwin Rogers was born in Philadelphia in 1809. At the 
age of twenty-one he was appointed Professor of Chemistry in Dickinson 
College, Carlisle, Pennsylvania, and afterwards to the Chair of Geology in 
the University of Pennsylvania. Then followed his superintendence of the 
Geological Survey of the State of New Jersey, residence at Boston, voyages 
to Europe, and (in 1857) acceptance of the Professorship of Natural 
History and Geology in the University of Glasgow, in which honourable 
post he died in May 1866. 

Prof. Rogers published his Report on the Geclogy of New Jersey in 1835: 
a year later he was intrusted with the important task of investigating and 
rectifying the geclogy of the great State of Pennsylvania, in which he spent 
several years of earnest labour. His brother, Prof. W. B. Rogers, was at 
the same time employed in the preliminary survey of Virginia, whereby some 
of the most important problems in American geolozy—the structure of the 
Appalachian mountain-chain, and, indeed, of half the continent of North 
America—were simultaneously worked out by two of the ablest observers of 
the day. The results of this survey, discussed in a joint Report, were 
communicated to the Meeting of the American Asscciation of Geologists 
and Naturalists held at Boston in the summer of 1842, “with an elo- 
quence and fascination of style never surpassed.” It placed the two 
brothers in an eminent position, recognized by the geologists of the 
world. 

The anticipations formed on this occasion were fully confirmed by the 
final Report on the Geology of Pennsylvania, which was published at Edin- 
burgh, with maps and sections, in 1858. To ensure the bringing out of 
this valuable work in a style commensurate with its importance, Prof. 
Rogers came to England, and, while residing in Edinburgh, made intimate 
acquaintance with many men of mark in the literature and science of 
Scotland. In society, and as a lecturer, his great and varied knowledge 
gave him an advantage which he exercised with graceful facility, and on 
favourite topics he would at times surprise and charm his hearers by 
bursts of eloquence. 

Besides the works above mentioned, Prof. Rogers wrote papers and 
reports, which were published in the Reports of the American and of the 
British Association for the Advancement of Science, the Transactions of 
the American Philcsophical Society, the Journal of the Boston Society of 
Natural History, in Silliman’s Journal, the Edinburgh Philosophical 
Journal, and the Proceedings of the Geological Society. The long list of 
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subjects therein contained may be regarded as a memorial honourable alike 
to the author and to American science. 

For a few years prior to his decease, Prof. Rogers was one of the 
editors of the Edinburgh Journal above referred to. His health bemg 
delicate, he spent his last winter in Boston, in company with his brother, 
and returned to Scotland but a short time before his death. He was 
elected a Fellow of the Royal Society in 1858. 


WituiAm Parsons, third Earn or Rosset, was born at York, June 17, 
1800, of a family which had been settled in Ireland from the time of 
Elizabeth, many of whom were distinguished in arms, at the bar, and in 
the Irish House of Commons. His father was one of the most eloquent 
persons of his day, and was the author of some works of value. Lord 
Rosse was educated at home by a private tutor, and when 18 years old en- 
tered Trinity College, Dublin. His career there was very successful both 
in science and classics, for he obtained all honours that were possible. He 
did not graduate there, though he answered for the degree ; but in com- 
pliance with his father’s wish went to Oxford, where he entered Magdalen 
College. At that time Oxford was far behind Cambridge in the cultivation 
of mathematical and physical science (to which he had now devoted him- 
self), and he seems to have regretted this, though, no doubt, he did avail 
himself well of the instruction which he found. On leaving Oxford, he 
was returned for the King’s County, which he represented in Parliament for 
eight years. He was not an active debater, though, whenever he spoke, 
he commanded attention ; but in matters of business, and especially on 
committees, he had few equals. He then retired for a few years from poli- 
tical life to follow his favourite pursuit with more leisure, and discharge 
more completely the duties of a landed proprietor, in which he was exem- 
plary. He was not exclusively devoted to astronomy or mechanics. In 
fact few minds of our day have grasped so wide a range of knowledge. He 
was a master of political economy, a greater one than many of its more 
renowned champions; for he brought to bear on it the sound common 
sense which was one of his chief attributes. He also devoted much atten- 
tion to the great question of national education, and the loss of his autho- 
rity and influence on that subject is deeply felt in Iveland at the present 
moment. He was a good chemist, would have attained a high position as 
a civil engineer, and possessed a large amount of military and nautical 
knowledge. As evidence of this it may be mentioned that he had formed 
the conception of armoured ships some years before the Crimean War, and 
had thoroughly investigated the problem. His calculations showed that 
vessels of no great tonnage could carry a sheathing of 4-inch plates which 
would be proof against the 32-pounder, the normal gun of the time. His 
elaborate memoir was sent into the authorities, acknowledged, and probably 
forgotten. 

In 1836 he married Miss Field, the daughter of a Yorkshire gentleman, 
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in whom he found one worthy of himself. She sympathized in all his 
pursuits, mastered enough of astronomy to he!p him in his calculations, 
and entered into all his plans for the welfare of his tenantry and the good 
of her adopted country. And this last required no common strength of 
mind, for there was what might well startle a young Englishwoman. 
Kind and beneficent as her husband was, he was not less resolute in sup- 
porting the authority of law and putting down the murderous societies 
which were the terror and curse of that part of Ireland. This, of course, 
made him a mark for the assassin ; he knew his danger ; but the knowledge 
neither made him shrink from his duty, nor embittered his feelings against 
the misguided people who were conspiring agaist him. He held on his 
steady way, sustained by his calm determined courage, and perhaps by the 
fear inspired by his great physical power and consummate skill in the use of 
arms. For several years this danger existed, so that in his own park and 
at his telescope it was felt that all who could use weapons had better carry 
them. This continued till the terrible famine which ensued, crushed out 
under the weight of real misery the imaginary grievances of the agitators 
and showed men as they were. And none bore the test better than Lord 
Rosse, who applied to relieve the distress which surrounded him, not 
merely the power which belongs to habits of business and sound judgment, 
but something still more appreciable to common eyes; for during some 
years he devoted nearly all the income of his Irish property to give the 
unhappy sufferers the means of existence. This told on their hearts; and 
now also they began to be proud of his fame and to regard him as an 
honour to their nation, so that for the latter part of his life he ceased to 
be an object of hostility. 

On the death of his father in 1841, he was elected an Irish Repre- 
sentative Peer; in 1831 he had been appointed Lord Lieutenant of his 
County ; from 1848 to 1854 he was President of the Royal Society ; and 
in 1862 he was elected Chancellor of the University of Dublin. 

His appearance promised a long life, but it was cut short by an accident 
so trifling that it was neglected till too late. A slight sprain of the knee 
produced, after some months, a tumour which was ultimately removed by 
a severe operation. The wound was slowly healing, but his strength sunk 
in the process ; and on October 31 he died as he had lived, patient and 
uncomplaining under his long and acute sufferings, gentle and considerate 
to all around him, and strong in Christian hope. 

We think these personal details will interest the Society on their own 
account ; but they also may serve to illustrate the habits of thought and 
action which guided Lord Rosse in those researches which culminated in 
the magnificent instrument with which his name will ever be connected. 

So early as 1826 his attention was directed to the improvement of the 
reflecting telescope, and it is instructive to trace the steps of his progress 
as recorded in his papers in Brewster’s Edinburgh Journal, and those 
which appear in our Transactions for 1840, 1850, and 1861. They are 
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entirely original ; for there was no available information except the memoirs 
of Mudge and Kdwards, which were only applicable to specula of four or 
five inches diameter. Lord Rosse’s starting-point was the necessity of using 
speculum metal of the highest standard. For this he combined four equi- 
valents of copper and one of tin: this compound is very brilliant and 
resists tarnish far better than if there be a slight excess of either ingre- 
dient. A striking example of this is a compound speculum polished in 
1830, which lay neglected in his laboratory, yet a few years ago was still 
quite bright. Arsenic and other metals which have been recommended in 
small quantity, he tried, but preferred the simple alloy. This, however, is 
nearly the most intractable of all materials—harder than steel, more brittle 
than glass, friable, crystalline, and, worst of all, flying in pieces with any 
sudden change of temperature. In consequence, the common process of 
the founder does not avail here, except on a small scale; and all large 
specula which had been previously made contained a larger proportion of 
copper than the above, that they might have the necessary toughness. 
Yet more, he shared the general belief that the polishing could only be 
done by hand, that it was essential to feel the nature of the contact, 
that therefore only small surfaces could be accurately figured. For both 
reasons he was led to build up a speculum of small pieces. His first 
attempt was very ingenious. He combined a central disk with annular 
zones two or three inches broad, and ground and polished them spherieal . 
In such a surface, each zone is of shorter focus than those within it, and 
the resulting image would be indistinct. But by a fit adjustment, each, 
beginning at the centre, was drawn back till their foci coincided; and the 
action of the compound was good even with an aperture of eighteen inches. 
Yet the complexity of the arrangement and its liability to change with 
temperature were weighty objections, and he was led by a new fact to 
devise another plan. In polishing these rings, he found the outer ones too 
large for hand-work, and made in 1828 a machine which gave a rectilinear 
motion to the polisher, while the speculum revolved slowly. This was 
ouly expected to produce a spherical figure, but it caused rings and other 
irregularities, which he saw would be corrected by adding a second excen- 
tric, which, by giving a lateral motion to the polisher, changed its course 
into a curve which might be varied from a right line to an ellipse almost 
circular. This had the desired effect ; but on watching its action he saw 
that it would also give what was the great desideratum, a change of curva- 
ture from the centre to the circumference which could be varied at pleasure, 
and therefore could be made to give a true aplanatic figure. The machine so 
altered was employed through his whole life with only one important change, 
which was a means of setting the six-feet vertical while on the polishing ma- 
chine, ana testiag it by a terrestrial mark. ‘This was added in 1862, and 
very much facilitated the obtaining a perfect figure. He met the difficulty 
of obtaining a large speculum by making a strong frame of a peculiar brass 
which has the same expansion as fine speculum-metal, and soldering on its 
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front thin plates of the latter, cast on as large a scale as possible, and 
closely fitting them at the edges. From what has been said of the pro 
perties of this alloy, it may he judged how much mechanical skill the pro- 
cess required ; but he succeeded in making a three-feet speculum, described 
in the Transactions for 1840. It was very light and strong, and defined 
perfectly, except that with large stars the diffraction at the joints produced 
four minute rays. For those below the fifth magnitude, and of course for 
fainter objects, this defect is insensible; and Lord Rosse believed that ix 
this way only would it be possible to attain the extreme limit of telescopic 
vision. The construction is stronger than the solid speculum with a 
third of its weight ; and the cellular distribution of the greater part of 
the mass enables it to assume the temperature of the atmosphere far 
more rapidly. During these experiments he was led to an important im- 
provement in the casting of speculum-metal. When the melted alloy is 
poured into a mould the surfaces of it in contact with the mould harden, 
while the interior of the mass is still fluid; this cools in its turn, and in 
contracting exerts a powerful drag on the outer crust which gives way, and 
the whole is shivered. [Besides, if the solidification is gradual the mass 
assumes a crystalline character, which gives it, when polished, a mottled 
surface. Lord Rosse met these difficulties by forming the bottom of his 
mould of iron, the sides of sand, and by leaving the top open: the metal in 
contact with. the iron congealed almost in an instant, the sides of the spe- 
culum more slowly, as the sand is a worse conductor than the iron, the 
upper part remaining fluid longest ; so that the contraction occurred chiefly 
at the back of the speculum, where it did no harm, while the front pre- 
sented a layer of uniform and comparatively tough material. He found, 
however, that this layer is a little more liable to tarnish than that which 
is cooled slowly. The process is quite different from the chilling of cast 
iron, with which it has sometimes been confounded. All this was well; but 
now another difficulty was found. Copper in fusion absorbs a large quan- 
tity of oxygen, much of which it gives out on becoming solid, and speculum- 
metal appears to possess the same property. Owing to this it is always 
full of microscopic pores, and the escape of the gas when the alloy is cooled 
by contact with the iron, as it cannot rise through the viscid film which is 
formed, probably causes the bubbles and cavities which are found even 
when no air is entangled in the pouring. ‘To give this gas a free escape 
was the obvious remedy, and that was effected by making the bottom of 
the mould of hoop iron, placed on edge and packed so closely that it 
retained the metal, but was pervious to gases. The plan was so successful 
that in 1840 he had finished a solid three-feet speculum, and had satisfied 
himself that even a six-feet was quite practicable. 

He soon made the attempt, and succeeded in April 1842, in obtaining 
a perfect cast which, after being partly ground, was broken by the care- 
lessness of a workman : two other failures are mentioned in his third paper; 
one of which, however, actually gave a disk more than seven feet diameter, 
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though of course too thin for use. This he regarded as a valuable result, 
for it showed the possibility of going far beyond the six feet, should such 
optical power ever be required. In these disasters his unfailmg good 
temper and patience were not less admirable than his exhaustless mecha- 
nical talent. ‘The whole mighty instrument was so far complete by Fe- 
bruary 1845, that on the 13th of that month he, his friend the late Sir 
James South, and another, saw in a lucid interval of clouds a few double 
stars and clusters. 

Lord Rosse has given in the paper just referred to (1861) ample details 
of the telescope, both in respect of casting and figuring the specula and of 
the mechanism by which it is pointed tothe heavens, and the observers 
enabled to use it with convenience and safety. In these we need not fol- 
low him beyond noticing the modest and undemonstrative character of the 
description, which gives but a very faint idea of the magnificence of what 
he had achieved. To those of us who have seen the telescope, and still 
more to the few who were present at the casting and polishing of the 
specula, it is but a lifeless shadow. They can never forget the machinery 
and furnaces that were installed in the towers and courts of the old castle 
whose walls still show traces of the sieges sustained in times of yore, 
the intelligence and discipline of the workmen whom he had formed from 
ignorant Irish labourers, and above all the matchless self-possession and 
unfailing resources of the master mind that guided all. In even beholding 
the instrument it is not easy to realize its colossal vastness ; the machinery 
which moves it disappoints by its excessive simplicity, and it is not till one 
stands in the highest observing gallery and looks into the profound below, 
or over the surrounding country, that he obtains a true measure of its 
magnitude, and feels that it is sublime. It deserves notice that all this 
massive work was executed in Lord Rosse’s laboratory, and that the whole 
had been so thoroughly considered that in no instance was it found neces- 
sary to deviate from the drawings which had been prepared. 

With respect to its optical power, little need be added to what is said in 
the memoir of 1861. A move unfavourable location for it could hardly be 
found than the vicinity of the Bog of Allen; and its performance gives 
little earnest of what it could do in a finer climate and a few thousand feet 
above the sea. Hitherto it has also suffered from a disturbing cause pecu- 
har to reflectors, and increasing very rapidly with their bulk. Besides the 
undulations of the air through which they look (which affect all tele- 
scopes), they have air-currents in their tubes caused by the great speculum 
being warmer than the atmosphere. The air in contact with the metal is 
heated, and rises along the upper side of the tube, while a stream of cold 
air replaces it, descending on the lower; and the eddies of the two cause 
strange wings and twirlings in the image. This goes on increasing as the 
night becomes colder, till sometimes all definition is lost. An example of 
this was given on March 5, 1845. The speculum was uncovered while 
cooler than the air, and was, of course, dewed. This did not dry off tili 
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Regulus was passing; that star was shown as a round point of intolerable 
light; but as the night wore, the definition declined till e Bootes came, 
which it only showed as two coloured fiares, and Lord Rosse gave up further 
observing as useless. On October 20, 1848, under similar cicumstances 
of uncovering the speculum, the blue star of y Andromedee was seen with 
1500 divided a full diameter of the larger component, the colours blue and 
purple. The previous evening, after a longer exposure, the star looked 
elongated, and the division appeared only by glimpses. For this there 
seem but two possible remedies, to keep the speculum as near the tempe- 
rature of the air as possible, and to make the tube of open work, so that 
the warmed alr may escape as soon as possible. The first of these was 
not easily practicable with so huge a block of metal, though he thought it 
could be effected ; but the other, which was many years ago suggested by 
Sir John Herschel, he tried on the three-feet, and with such success that 
he resolved to apply a similar tube to the six-feet when it should re- 
quire renewal. This will undoubtedly extend its good definition through 
a greater portion cf the night, and make it more potent for the resolu- 
tion of nebule. But, even under average atmospheric conditions, its power 
is astouishing. No achromatic in Britain gives any adequate notion -of 
the way in which it shows the moon, close contrasted double stars, or 
clusters like 13 Messier. Its chief employment, however, has been on 
nebulz, and the results which they have afforded are very remarkable. 
That it resolved a multitude of them which resisted all other telescopes 
was a matter of course; but it also revealed in many of these strange bodies 
the existence of forms and forces completely at variance with our previous 
conceptions of celestial mechanics. Many of the observations are given in 
our ‘Transactions’ for 1850 and 1861; and it may suffice to indicate a 
few of their results. The most remarkable is the spiral arrangement, 
which seems to prevail very commonly in nebulee, and occasionally in 
clusters. Sometimes the spirals are as regular as the fire-curves of a pyro- 
technic wheel; sometimes, when seen obliquely, like the section of a 
snail-shell ; sometimes almost foreshortened into a ring ; occasionally there 
is a double system; and in one or two instances the two sets turn in dif- 
ferent directions. ‘The dynamical condition which is imphed by these 
appearances cannot be explained by any cosmical forces with which we are 
acquainted, and it is an object of the highest interest to science that they 
should be carefully watched for any signs of change. 

It has also keen ascertained that a remarkable class of nebulee, called 
Planetary from appearing like uniform circular or elliptic disks, have no 
existence ; they are shown to be systems of rings, sometimes very compli- 
cated, so that annular nebule, of which only two were previously known 
in our hemisphere, are by no means uncommon. And thirdly, some in- 
formation has been gained as to nebulous stars. ‘These rare objects differ 
from ordinary stars in having a round atmosphere of some extent, and 
faintly luminous. ‘This is not continuous, as had been supposed; some- 
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times consisting of rings, sometimes separated by a dark interval from the 
central star. Such facts do not well aceord with the old nebular hypo- 
thesis, but rather indicate a permanent state like that which last year pre- 
vailed for a few days in the noted star of the Northern Crown, in which a 
solid luminous nucleus is surrounded by an atmosphere heated to incan- 
descence. It is far from improbable that such is also the case with many 
of those minute stars which this telescope reveals in thousands in bright 
nebulee, which it cannot entirely resolve. The stars and the nebula are 
evidently connected, yet as evidently of different nature. As an example 
may be taken the great nebula of Orion, in which, when the speculum is 
in fine order, it shows these lucid points as thick as dust, while yet there is 
manifestly a different cutee of light. In this case the nebula seems 
brighter than the stars; and so Mr. Huggins has found that the nebular 
spectrum alone is visible. On this, and many similar questions, each new 
observation opens an ever-widening field of inquiry; and it is permitted 
to us to hope that the unrivalled power of this mighty instrument will 
‘still be exerted in that field, and that the sen and successor of him whom 
we so deeply regret will follow his example in this, as in all else for which 
he was honour a and loved.—T. R. Rt. 


James Smith, of Jordan Hill, near Glasgow, was born in Glasgow on the 
14th of August, 1782. He was the eldest son‘of Archibald Smith, Esq., an 
eminent West India merchant in that city, and of isabella Ewing, whe died 
a few years ago in her 10Ist year. 

Mr. Smith was educated at the Grammar School and University cf 
Glasgow. He was for many years a sleeping partner in the West India 
House of Leiteh and Smith in that city, but never took any active part in 
business. His tastes directed him to literary and scientific pursuits and 
the fine arts. He was in early life an enthusiastic book collector, partieu- 
larly in the department of early voyages and travels, of which he has left 
a large and valuable collection. His love of yachting was one of the most 
prominent features in his life, and it was lifelong. His first cruise in a 
yacht of his own was in the year 1800; his last in the year 1566. Hewas 
one of the earliest members of the Royal Yacht Club, now the Royal Yacht 
Squadron; and was one of the earliest and latest Commodores of the 
Royal Northern Yacht Club. 

Most of Mr. Smith’s scientific and literary researches were connected with 
his love of yachting. His earliest paper in any scientific publication was a 
notice in the Transactions of the Royal Society of Edinburgh of an un- 
described vitrified fort, in the Burnt Isles in the Kyles cf Bute, disco- 
vered by him in accidentally landing from his yacht. In geology, the 
science to which he was peculiarly attached, his attention was early directed 
to the question as to the relative position ef the land and sea which had 
subsisted at remote geological epochs ; and the west of Scotland, the district 
in which he resided, offered admirable opportunities for his inquiries. In 
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the sandstone cliffs between Gourock and Largs, in the trap-dykes of Cum- 
brae, and, indeed, nearly all round the coasts of the Firth of Clyde, there 
was unmistakeable evidence of the slow and long-continued action of the 
sea; and the beds of fossil shells found at various elevations, and remote 
from the present coast, obviously demonstrated that a great part of Scot- 
land had, at a comparatively late geological period, been covered by the sea. 
In pursuing his researches, Mr. Smith soon perceived the importance of 
carefully comparing the shells of the living species of molluscain Huropean 
and more northern seas with those found in the superficial deposits of 
Scotland now known as post-pliocene or glacial drift, and with the forms 
occurring in raised beaches and other later formations. These researches 
he conducted by dredging explorations from his yacht. In this investiga- 
tion he discovered that a large proportion of the mollusks whose shells are 
found in these deposits, but do not now exist in the Clyde, are still to be 
found living in the arctie seas. This led him to the conclusion announced 
to the Geological Society in 1836, of the existence, before the present state 
of things, of a colder climate than the present—a conclusion which, though 
opposed to what geologists had previously believed, is now universally ac- 
cepted. In continuing his investigations, Mr. Smith found reason to dis- 
tinguish the deposits in question into two, in the older of which a consider- 
able proportion of shells and other remains had belonged to animals now 
extinct in our latitudes, but in the later of which, belonging to a more re- 
cent period, every one of the shells has been found as species now exist- 
ing, though some of them only in the arctic seas. This is the period of 
long repose of the land, at a depression of about 40 feet below the sea, 
which now has left the modern shores of the west of Scotland fringed, 
at an elevation of 40 feet, with that old sea-cliff which is so marked a fea- 
ture in its scenery. 

From 1839 to 1846 the health of members of his family caused Mr. 
Smith to reside successively at Madeira, Gibraltar, Lisbon, and Malta, and 
valuable geological papers on each of those localities attest the zeal with 
which he pursued his favourite science. 

His residence at Malta was the occasion of the remarkable series of inves- 
tigations by which he is best known in literature and theology. ‘These were 
first published in 1848 in ‘ The Voyage and Shipwreck of St. Paul, with 
Dissertations on the Life and Writings of St. Luke, and the Ships and 
Navigation of the Ancients.’ 

The part of the volume which relates to the voyage and shipwreck of St. 
Paul has been accepted by all critics and theologians who have since written 
as conclusively settling all doubtful and contested questions as to the nar- 
rative. This work is a remarkable instance of originality, mgenuity, and 
sagacity, and of the application of practical knowledge of seamanship 
and geology to the elucidation of a point of literary and_ theological 
interest. | 

The minute study of the writings of St. Luke, to which Mr. Smith was 


xliv 


thus led, conducted him to a view on the much-contested question of the 
connexion of the first three Gospels, which was first published in the ‘ Dis- 
-sertation on the Life and Writings of St. Luke,’ to which we have referred, 
and which was afterwards worked out in greater detail in a separate ‘ Dis- 
sertation on the Origin and Connexion of the Gospels,’ published in 1853. 
On this subject Mr. Smith’s view, which differs from any previously taken, 
though not accepted to the same extent as his conclusions respecting the 
voyage of St. Paul, has had many followers. He was engaged im the col- 
lection of materials for a more extended dissertation on the same subject 
when interrupted by his last illness. 

Mr. Smith was a member of many scientific societies—of the Royal 
Society, the Geological Society, and the Royal Geographical Society of 
London, and the Royal Society of Edinburgh. He was president of the 
Geological Society of Glasgow and of the Archzeological Society, and was for 
many years president of the Andersonian University in that city, and was un- 
wearied in his exertions for its benefit, and for the improvement of its valu- 
able museum. The date of his election into the Royal Society is Dec. 23, 
1830. 

Mr. Smith enjoyed vigorous health till the spring of last year, when a 
slight stroke of paralysis enfeebled his body, without affecting hismind. A 
further attack towards the close of the year terminated in his death at Jordan 
Hill on the 17th of January, 1867. 

Mr. Smith was married in 1809 to Mary Wilson, granddaughter of Dr. 
Alexander Wilson, Professor of Astronomy in the University of Glasgow. 
By her, who died in 1847, he had nine children, of whom three survive, 
—Archibald Smith, Esq., F.R.S., late Fellow of Trinity College, Cam- 
bridge, a member of the Chancery Bar, and two daughters. 


Sir JAMES Soutu, born in October 1785, was the eldest son of an emi- 
nent Pharmaceutical Chemist resident in Southwark. Educated at a pri- 
vate school, he acquired a fair knowledge of Greek and Latin, and such 
elementary instruction in mathematics as was current im those days. On 
leaving school he commenced the study of surgery, which he chose as a 
profession ; combining with it that of chemistry, in which he was no ordi- 
nary proficient. In due time he became a member of the College of Sur- 
geons, and rose rapidly into extensive practice. Sir A. Cooper, whose 
dresser he had been for a time, believed that if he had persevered he would 
have been one of the most eminent surgeons of his time. But a different 
fate was before him. While yet a boy his curiosity had been excited by a 
singular erection on the roof of a house near his father’s, and he contrived 
to get acquainted with its owner. This was Huddart, an engineer of dis- 
tinguished talent; known, among other inventions, by machinery for 
making ropes in which every fibre bears an equal strain. The structure 
was a dome for containing the equatoreal which afterwards became famous 
by his and Sir John Herschel’s observations of double stars. The ideas 
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which he got from his visits to Huddart were not lost; and as soon as he 
was able, he procured a 6-inch Gregorian with which he observed eclipses, 
occultations, and looked at double stars. Observing soon became a pas- 
sion; and when, in 1816, his marriage with a lady who brought him a 
considerable fortune made him no longer dependent on his professional 
work, he resolved to devote himself to astronomy. He began by constructing 
at his house in Blackman Street a magnificent observatory. After the death 
of Huddart he purchased the equatoreal which had been his first inspirer; a 
fine transit instrument, which he described in the Philosophical Transactions 
for 1826, was soon added; anda circle was in progress. His zeal for 
astronomy and his personal character won the regard of such menas Davy, 
Wollaston, Kater, Babbage, Baily, the two Herschels, and, at a later period, 
Faraday and Lord Rosse; and his house was a centre of scientific reunion. 
He took an active part in the formation of the Astronomical Society ; and, 
in conjunction with Baily, exposed the defects of the ‘ Nautical Almanac’ 
so effectually, that after some years of discussion it was brought to its pre- 
sent excellence in accordance with the recommendations of a committee, of 
which he was the chairman. From 1821 (when he became a Fellow of the 
Royal Society) till 1824 he worked with Sir John Herschel in forming the 
Catalogue of 380 double stars which (with a description of the equatoreal) 
appears in the Transactions for 1825. For this they obtained conjointly the 
medal of the Institute, and till the publication of Struve’s Dorpat Catalogue 
it was quite unrivalled. During its progress it became too evident that the 
smoky atmosphere of the Borough wasill suited for delicate observations ; 
and he transported another equatoreal to Passy, near Paris, where he ex- 
pected to find a purer sky. He resided there more than a year, enjoying 
the society of those ‘men of renown,” of whom the chiefs were Arago, 
Humboldt, and, above all, Laplace, whose scepticism about the orbits of 
double stars he had the pleasure of removing by showing him the angular 
motion of 70 Ophiuchi, the components of which were then near their least 
distance. The fruits of this sojourn appear in the Transactions for 
1826 as an additional catalogue of 458 double stars, for which, and his 
paper “On the Snn’s Right Ascension,” he was awarded the Copley 
medal of that year and the gold medal of the Astronomical Society. On 
his return to England he purchased a property at Kensington, where he 
was free from smoke, not foreseeing (though many people who ought to have 
known better supposed him to be an Astrologer) that he should live to 
see it in the heart of a dense population. There, of course, he built a 
magnificent observatory, the finest private one probably that ever existed. 
It was now increased by the purchase of Groombridge’s meridian-circle, to 
which he had eight additional microscopes applied by its maker, and by 
a valuable clock, the gift of the King of Denmark. By this time the labours 
of Guinand on optical glass had made it possible to construct object-glasses 
of a size till then unattainable ; and he determined to procure one of the 
highest power, and pursue with his whole energy the career on which he 
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had so successfully entered. For this work he was highly gifted; he had 
akeen eye, asteady hand, great power of bearing fatigue and want of sleep, 
prompt decision in catching a bisection, and boundless enthusiasm. Fraun- 
hofer, to whom he applied in the first instance, declined giving him an 
object-glass without also supplying its equatoreal. It would,have been a 
happy thing for him had he accepted this proposal; but he had no faith 
in any instrument maker but Troughton, whom he worshipped with all the 
intense devotion of his impulsive character. He looked elsewhere: 
Cauchoix had completed a 12-inch object-glass, about which, in 1829, he 
was chaffering with the French Government; South heard of it, went over 
to Paris, tried it, paid the optician the price which he demanded, and 
started with it next morning on his way to England, to the great disgust of 
Arago that it was lost to France. But it wasa fatal acquisition. Trough- 
ton was of course charged with the construction of the equatoreal; anda 
dome for containing it was also commenced. Unhappily, both of them 
were planned without much respect for the elementary principles of engi- 
neering, the first especially ; and though Mr. Babbage and others pointed 
out to him its utter weakness, he merely answered, “It is designed by 
Troughton.” He had no knowledge of mechanical science, and had unli- 
mited faith in Troughton’s infallibility. As was foretold, the instrument 
was a failure; and though many attempts were made to correct the inhe- 
rent vices of its framing, they were only partially successful. The result 
was a deadly quarrel between the two friends (which perhaps might have 
been healed but for the intervention of other personal animosities), and a 
litigation, which after a run of four years was decided in a way unsatisfac- 
tory to both parties, most so to South. The dome was also a failure; in 
general it required four or five men to move it ; sometimes it stuck fast! 
The loss of full £8000 thus spent without any useful result was itself a 
misfortune ; but it was as nothing in comparison of the evil influence which 
these transactions exerted on his character. The feeling that his confidence 
had been misplaced, that the friendship which had been his ruling passion, 
and which he still cherished, was changed into bitter hate, made him sus- 
picious and irritable; and he lost that reliance on the truthfulness and 
honesty of others, without which life becomes a desert. By degrees this 
left him in an isolation from many old and true friends ; and also, as a ne- 
cessary consequence, deadened his love of science, which, like all other 
good things, is strengthened by sympathy. And he had no longer a defi- 
nite pursuit ; he could not resolve to adopt any practicable form of equa- 
toreal, though Lord Rosse offered to design and even to make one for him ; 
and during the years that were wasted, the harvest of double stars which 
he had hoped to reap was gathered by Sir J. Herschel, the two Struves, 
Bond, and others. This object-glass, while in his possession, made only 
one discovery, the sixth star in the trapezium of Orion; and remained 
useless till he gave it to the Dublin Observatory in 1862, when Lord Resse 
was elected Chancellor of that University. In the hands of Dr, Brunnow 
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it will doubtless be well employed. Scuth, however, still worked with his me- 
ridian instruments; among other things he observed a considerable num- 
ber of stars with the Groombridge circle, and the results are probably valu- 
able, as each observation was direct and reflected on the same night with 
twelve microscopes. He for some years carried on an elaborate series of 
experiments on clocks to ascertain their performance 7m vacuo, the air’s re- 
sistance to pendulums, the influence of various modes of suspending them, 
and the effect of screens in their vicinity. These are, it is believed, all pre- 
served, and may perhaps be published. Another object to which he devoted 
much research, was the disturbance which might occur to an observatory from 
the vicinity of a railroad; and an account of his observations at Watford 
respecting it, which appears in our Proceedings for 1863, was his last con- 
tribution to science. For some years before his death his hearmg and 
sight were almost entirely lost, and this helpless condition was made more 
afflicting by much bodily suffering, from which he was released on October 19, 
1867. He was knighted in 1831 by William IV., with whom he was a favo- 
rite. He was one of the original Visitors of Greenwich Observatory, and a 
Member of the Astronomical Society, the Linnean, the Royal Society of 
Edinburgh, Royal Irish Academy, and of several others.—T. R. R. 


JosePH ToyNBEE, well known as an eminent Aural Surgeon, was dis- 
tinguished for the remarkable industry with which he strove to give a 
scientific character to the branch of medical practice to which he had de- 
voted himself. He was born at Heckington, in Lincolnshire, and died at 
his professional residence, in London, on the 7th of July, 1866, in the 
fifty-first year of his age. 
~ After completing his education at Lynn, Mr. Toynbee was articled to 
Mr. Wm. Wade, of the Westminster General Dispensary, and afterwards 
became a pupil at St. George’s Hospital. Having early exhibited a taste 
for anatomical pursuits, he was, whilst still young, appointed Assistant 
Curator in the Museum of the Royal College of Surgeons. Soon after 
this, his love of anatomical inquiry displayed itself im a microscopic inves- 
tigation, the results of which were embodied in a paper read before the 
Royal Society, and published in the Philosophical Transactions for 1841, 
entitled ‘Researches tending to prove the Non-vascularity of certain 
Animal Tissues, and to demonstrate the peculiarly uniform mode of their 
Organization and Nutrition.’ This memoir, though, when viewed by the 
light of recent histology, of but limited seope, was a real contribution 
to science at the period of its publication. 

In his subsequent labours, Mr. Toynbee turned his attention exclusively 
to the Anatomy, Physiology and Pathology cf the Organs of Hearing. 
Thus he contributed to the Meetings of the Royal Society four papers, 
bearing the following titles:—1. “On the Structure of the Membrana 
Tympani of the Human Ear” (1850). 2. “Qn the Function of the Mem- 
brana Tympani, the Qssicles and Muscles of the Tympanum, and of the 
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Eustachian Tube in the Human Har, with an Account of the Muscles of 
the Eustachian Tube, and their Action in different Classes of Animals ”’ 
(1852). 3. ‘On the Muscles which open the Eustachian Tube” (1853). 
4. “On the Mode in which Sonorous Vibrations are conducted from the 
~ Membrana Tympani to the Labyrinth in the Human Ear” (1859). The 
first of the above-named memoirs was published in the Philosophical 
Transactions for 1851; whilst, of the other three, records will be found in 
the Society’s ‘ Proceedings.’ 

In investigating the pathology of the ear, Mr. Toynbee proceeded by 
collecting a very large number of specimens of the human temporal 
bones and their contained parts, both healthy and diseased. The morbid 
specimens, said to number nearly 1700, were described by him in nume- 
rous contributions to the Royal Medical and Chirurgical Society, to the 
Pathological Society, and to various journals. Besides this, he published 
an interesting ‘ Descriptive Catalogue of Preparations illustrative of Dis- 
seases of the Ear in his Museum,’ and also a systematic work on ‘ The 
Diseases of the Ear; their Nature, Diagnosis and Treatment,’ besides oc- 
casional ‘‘ Lectures”’ on the same subject. 

He was for some time Surgeon to the St. George’s and St. James’s 
Dispensary, and was engaged in the general practice of Surgery; but, 
whilst retaining the title of Consulting Surgeon to the above-named Insti- 
tution, he soon devoted his time and energy to Aural Surgery alone, in 
which department of his profession he gradually acquired a wide-spread 
reputation, his practice as an Aurist ultimately becoming very large. He 
was Consulting Aural Surgeon to St. Mary’s Hospital, and to the Asylum 
for the Deaf and Dumb. 

Mr. Toynbee’s premature and sudden death was caused by the inhala- 
tion of chloroform, on the possibility of introducing which powerful 
agent into the tympanic cavities through the Eustachian tubes he had 
long been experimenting. He was found dead on his sofa, in his consult- 
ing-room in Savile Row, with cotton-wool over his face, and a chloroform 
bottle, his open watch, and various memoranda of experiments lying near 
him. Itis but just, and it may be useful, to remark, that, while he doubt- 
less fell a sacrifice to his experimental zeal, the deplorable event is in all 
probability to be ascribed to the extreme imprudence of inhaling chlo- 
roform when alone and unattended. 

The subject of this brief notice was a man of enlightened intellect, 
quick temperament, and energetic habits, of enlarged views, cultivated 
taste, and benevolent disposition. In connexion with the St. George’s 
and St. James’s Dispensary, he founded a Samaritan Fund to provide 
the sick poor with bread, soup, wine, flannels, and coals, and also the 
means of ventilating their apartments. He was not only an active 
Treasurer to the Medical Benevolent Fund, but was an ancnymeus 
donor to it of the munificent gift of £500. He advocated the establish- 
meut of local museums, libraries, and institutes, the better education of 
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the working classes, and the improvement of the dwellings of the poor ; 
and, at one time, spent much time and money in furtherance of such ob- 
jects and purposes. He was vigorous and lively in both his professional 
lectures and his more popular “lecturettes,’’ as he himself preferred to 
eall them. His neighbours and friends at Wimbledon, where he latterly 
resided, fully appreciated his excellent public and social qualities. The 
date of his election into the Royal Society is March 10, 1842. 


RoserT WARINGTON was born on the 7th of September, 1807, at 
Sheerness, where his father, Thomas Warington, who was a victualler of 
ships, then resided. He was educated at Merchant Taylors’ School, and, 
being intended for a land-surveyor, he was, on leaving school, set to learn 
that business, but, after a few months, abandoned it in favour of chemistry, 
which he studied as the house pupil, and subsequently, in 1822, the arti- 
cled apprentice of Mr. J. T. Cooper, then a well-known lecturer and ma- 
nufacturing chemist. 

On the opening of the London University (now University College) in 
1828, Mr. Warington, having served his time with Mr. Cooper, was 
chosen by the Professor of Chemistry, Dr. Edward Turner, to be his 
assistant. In that capacity he continued at the College for three years, 
during which period he communicated to the Philosophical Magazine his 
first published research, entitled ‘‘ Kxamination of a Native Sulphuret of 
Bismuth.” 

In 1831, Messrs. Truman, Hanbury and Buxton, desiring the services 
of an able young chemist in their great brewing establishment, engaged 
Mr. Warington, on the recommendation of Dr. Turner, and with them he 
remained till 1839. His connexion with the brewery did not prevent his 
independent pursuit of chemistry, and during this period he contributed 
papers to the Philosophical Magazine, “‘On the KHstablishment of a 
System of Chemical Symbols” (Sept. 1832), and “On the Action of 
Chromic Acid upon Silver’? (Dec. 1837). 

On the death of Mr. Hennell in 1842, Mr. Warington was appointed 
Chemical Operator to the Society of Apothecaries, a position he con- 
tinued to hold till about a year before his death. His professional 
engagements now became numerous, and he was much employed as a 
Scientific witness or adviser in important cases coming before the Courts 
of Law. 

Mr. Warington’s scientific activity manifested itself in various ways. 
In 1841 he took an important part in the establishment of the Chemical 
Society, and became one of the original Secretaries, which post he held 
for ten years. Te was one of the promoters of the Royal College of Che- 
mistry ; and he took part in the formation of the Cavendish Society, and 
held the office of Secretary for three years. He was Chemical Referee of 
four of the principal gas companies of the metropolis. He served as Juror 
in the Chemical Section of the International Exhibition of 1862, and was 
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appointed to a similar office in the Paris Exhibition of 1867, but was un- 
able to discharge the duty. 

Mr. Warington’s scientific acquaintance with Pharmacy, and the large 
experience he had acquired in the practice of the art, led to his being 
employed in revising the translation of the London Pharmacopeeia, left 
unfinished by Mr. Phillips, and in aiding in the construction of the 
Pharmacopeeia of 1851. For a like reason he was consulted by the 
Committee appointed to prepare the British Pharmacopeia of 1864, 
and undertook a still more important share, along with Mr. Redwood, in 
the preparation of the British Pharmacopeeia of 1867, although his failing 
health allowed him but partially to perform his task. 

Amid these varied labours of his active and useful life, Mr. Waring- 
ton continued to furnish numerous contributions on chemical and pharma- 
ceutical subjects, to the Memoirs and Quarterly Journal of the Chemical 
Society, the Philosophical Magazine, and other periodical works. To 
the Transactions of the Microscopical Society, of which he was an 
efficient member, he contributed several papers, and he was the inventor 
of a portable microscope, which has been favourably spoken of. 

A subject of more general interest, which furnished an agreeable and 
instructive study to Mr. Warington for many years, was the mode of life 
of aquatic animals and plants preserved in the aquarium; and especially 
the maintenance in a limited quantity of unrenewed water of the chemical 
conditions necessary to their existence, through the mutually compensa- 
ting operations of animal and vegetable organisms upon the medium 
thee inhabit. The results of his observations were published, from 
time to time, for the most part in the ‘Annals of Natural History,’ 
and also furnished the subject of a Lecture delivered by Mr. Warington 
at one of the Friday Evening Meetings of the Royal Institution. The 
latest yield of these long-continued researches which he lived to make 
known, forms the subject of a valuable and interesting paper “‘ On some 
Alterations in the Composition of Carbonate-of- Lime Waters, depending on 
the Influence of Vegetation, Animal Life, and Season,’’ communicated to 
the Royal Society within a month of his death, and published in the 
* Proceedings’ of December 1867. 

In 1835 Mr. Warington married Miss Elizabeth Jackson, by whom 
he has left a family. He was elected a Fellow of the Royal Society in 
June 1864; he died at Budleigh Salterton, in the county of wee on 
the 12th of ‘Novenber 1867. 

Mr. Warington was remarkable for his varied taste and constant acti- 
vity as an observer; he may be said, indeed, to have passed from one 
subject to another with too great a facility, and consequently his com- 
pleted investigations bear but a very small proportion to the number 
of subjects he had continually under examination. He was of an exceed- 
ingly cheerful and genial disposition, and a man of simple unaffected 
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THE REVEREND WILLIAM WHEWELL, D.D., late Master of Trinity Col- 
lege, Cambridge, and a Fellow of this Society, was born on the 24th of 
May, 1794. His career affords one more, and avery striking illustration 
in addition to those which the biographical annals of our country so abun- 
dantly present, of what may almost be regarded as the normal progress 
from an origin altogether devoid of external advantages, and in the 
humbler walks of life, to eminence and distinction as well as social posi- 
tion, wrought out by innate talent rendered effective by energy and 
persevering application, and sustained by high moral qualities. Beyond 
his immediate parents, little is known of his family. His father, a man 
of probity and intelligence, pursued the calling of a joiner or house- 
carpenter in Lancaster. His mother appears to have been a person 
not only of excellent principle and good sense, but of some considerable 
mental culture. Their family consisted, besides himself, of a brother 
who died at an early age, and three sisters. His own health in early 
youth was feeble, and afforded no prognostic of the robust frame and 
stalwart vigour which so strikingly characterized his manhood. On the 
other hand, from his earliest years he manifested a remarkable fondness 
for reading, and exhibited such general promise of future ability, as in- 
duced his parents to remove him from the Grammar School in Lan- 
easter, where he received the first rudiments of instruction, to that of 
Heversham, where he might obtain the advantage of an Exhibition for 
admission to Trinity College, the Vicarage of Heversham being in 
the gift of that body. ‘This he secured, and was in consequence ad- 
mitted at that College as a sub-sizar in the October term of 1812, and 
was subsequently elected as a full, or foundation sizar, and obtained a 
scholarship. In 1816 he graduated as second Wrangler and Smith’s 
Prizeman, the first honours being carried off by a competitor (Mr. 
Jacob of Caius College) by whom to have been surpassed could no way 
be considered as a defeat. His undergraduateship, meanwhile, had been 
distinguished by obtaining the Chancellor’s prize in 18138 for the best 
English Poem on the subject of Boadicea—a spirited production, which 
may be read with pleasure as something beyond a college exercise, and 
evidencing that strong vein of poetical talent which showed itself on 
many subsequent occasions. 

In the year following his graduation as B.A., he was elected a Fellow 
of his College with whose interests and glory he ever afterwards con- 
sidered his own as identified, and was very soon engaged in lecturing in 
Mathematies as assistant tutor, and subsequently in 1823 as full tutor 
of one of the “ sides” of that numerous establishment, the tutor’s chair 
on the other “side” being filled by Dr. Peacock, afterwards Dean of 
Ely. This important office he filled during the ensuing sixteen years, 
being joined in the performance of its duties during the last six with 
the Rey. Charles Perry, afterwards Bishop of Melbourne. Soon after 
taking his Master of Arts’ degree, he entered. into Holy orders, and in 
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due sourse graduated as Doctor of Divinity. He accepted no College 
iiving, however, or special cure of souls—not from any want of appre- 
tiation of the importance of the ministerial office, or doubt of his own 
aptitude for its exercise, but from a conscientious persuasion that his 
true sphere of utility would be found in the entire devotion of his 
powers to the furtherance of the objects of the University as a place of 
education, and to the improvement of its system of instruction in those 
great branches of mental culture in which it was beginning to be felt 
at that epoch that such improvement was not only possible, but largely 
needed. Such prospects we have seen amply realized; but it should 
not be forgotten for the credit of that illustrious establishment, that 
the movement in advance then making originated within itself, and was 
in no way forced upon it by any pressure from without. Thence- 
forward, then, his career may be considered as identified with the great 
cause of University improvement, and in a larger and more expansive 
point of view with that of philosophical, moral, and religious culéwre in 
the widest and best acceptation of the words. 

During the period when he was pursuing his studies at Cambridge, 
the mathematical department of the University curriculum was in what 
might be called a transitional state. A perception had begun to be 
entertained of the absolute necessity of including within its range a 
knowledge of those powerful methods of investigation so familiar to the 
Continental mathematicians, but which could hardly be said to be 
known in England, and which at Cambridge had by some even been 
regarded with dislike, as innovational. In this latter feeling, in common. 
with most of its younger members, he was far from participating, but 
on the contrary was only desirous to forward the movement which he 
saw commencing. 

About the period when he entered on his tutorial duties, a very 
general sense had come to be entertained of this necessity ; but a great 
obstacle to the introduction of an improved course of mathematical 
reading existed in the absence of elementary works in our own lan- 
guage adapted for the purpose of university teaching, in which the 
principles of the analytical methods as applied to physical subjects 
were exhibited, and a yet greater in the utterly unphilosophical and 
inadequate mode of treatment in what were termed “the branches” 
current in the University. » The primary difficulty had been removed 
by the translation by Peacock and his coadjutors of the treatise of 
Lacroix on the differential and integral calculus published in 1816, and 
followed by a copious collection of examples illustrative of its applica- 
tion to problems of pure mathematics and the theory of curves in 1820. 
But the want of readable elementary works in all the branches, and 
especially in that of dynamics, such as might, as it were, break the 
abruptness of the transition, and bridge over the interval between the 
modes of treatment of that subject ’in the ‘ Principia’ of Newton and 
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in the modern analytical processes, was severely felt. Accordingly we 
find him in the period of his tutorship, from its very commencement, 
engaged in the production of a number of elementary treatises devoted 
to this object, and to conveying the primary principles of mechanical 
philosophy in a sound and logical form, as well as to affording an insight 
into the modern ways of handling them, such as his ‘ Elementary 
Treatise on Mechanics’ (1819); his ‘Treatise on Dynamics’ (1823) ; 
his ‘ Introduction to Dynamics,’ ‘ First Principles of Mechanics,’ and 
‘Treatise on the free motion of a Point and on Universal Gravitation ” 
(1832) ; his ‘Hlementary Treatise on Mechanics,’ and ‘ Analytical 
Statics’ (1833), and his ‘ Mechanical Euclid’ (1837). Of these works, 
the first mentioned has been considered by one excellently qualified to 
judge of its merits as “a work of great value, and very far in advance of 
any then existing text-book, for the clearness and correctness of its 
treatment of bodies in contact, and in the precision with which the 
assumptions involved in the laws of motion and the composition of forces 
are stated, and illustrated.’ At the end of the last named (the Me- 
chanical Huclid) is attached a section “on the Logic of Induction,” in 
which the leading idea which forms the foundation of his great work on 
the Philosophy of the Inductive Sciences, published three years later, 
viz. that Induction consists in swperinducing upon an assemblage of 
observed phenomena, a conception—the creation of the mind, which is 
not 7 the phenomena, but which serves to bind them under a common 
aspect, and so give them an ideal unity—is anticipatorily introduced. 
By these works, and by the influence’which, as moderator in the 
years 1820, 1828, and 1829, he was enabled to exercise on the course of 
the examinations for degrees, he contributed materially to that im- 
provement he so much desired to see established in the mathematics of 
the University. . 
Tt would give but a very inadequate idea, however, of the extent of 
his reading and of his extraordinary intellectual progress at this period 
of his life, to measure them by these productions. A more wonderful 
variety and amount of knowledge in almost every department of human 
inquiry was perhaps never in the same interval of time accumulated by 
any man; embracing not only Mathematical and Physical Science in 
all its forms, but extending over Classical and Continental literature, 
Metaphysics and History, Ethics, Social and Political Kconomy, together 
with Botany, Architecture, Engineering, and a host of other subjects—and 
that not by merely a general and superficial acquaintance, but one which 
an exact and conscientious application such as most men devote to some 
favourite branch of study, alone can give. Nothing short of such a store 
of precise and varied information could have qualified him for the pro- 
duction of those great works on the History and on the Philosophy of 
the Inductive Sciences which have placed his name among the brightest 
in the annals of our Philosophy, and the former of which appeared in 
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the year 1837, during the continuance of his tutorship, and the latter 
about three years later. These works were preceded (in 1833) by his 
Bridgewater Treatise ‘On Astronomy and general physics considered in 
reference to Natural Theology.’ But that a great change in his views 
as to the origin of our fundamental axioms must have taken place be- 
tween the production of these and the last-mentioned work, may be 


inferred from a remarkable passage in that Treatise*, in which he di- . 


stinctly refers the origin of even the axioms of Mathematics to experi- 
ence, 7. e. to a slow process of inductive observation, growing with our 
srowth, and not to any innate @ prior: intuition. 

Dr. Whewell was one of the founders of the Cambridge University 
Philosophical Society, whose initiation dates from November 15, 1819, 
its first Meeting for the election of Officers being held on December 13 
of that year, when Professor Farish was chosen President, and Dr. 
‘Whewell was placed on the list of its Council. In 1820 he contributed 
his first paper to its Transactions, ‘ On the position of the Apsides in 
orbits of great excentricity.” To the Transactions of this body he 
continued to contribute, up to within a short period of his death, papers 
on a great variety of subjects,—on Dynamics, on Mineralogy and Crys- 
tallography, on Logic and Philosophy (more especially on the Platonic 
philosophy of ideas), and on the mathematical exposition of the doc- 
trines of Political Economy, in which the formule embodying the 
results of those doctrines, as applied to questions of supply and demand, 
price, currency, &ec., are derived from what he cautiously terms “The 
Hquilibrium Theory” in analogy to the “ Equilibrium Theory ” of the 
Tides, distinguishing very justly between this and their true or dyna- 
mical theory, which takes account of momentary changes in the amount 
and incidence of the acting causes, and allows for the time requisite to 
enable them to work out their effects—a distinction of the most impor- 
tant kind, and one which goes to exhibit all the quantitative conclusions 
deduced in this science on the other hypothesis as tentative and provi- 
sional. 

During the summers of 1826 and 1828 he took part with Mr. Airy 

in a series of experiments for ascertaining the mean density of the earth, 
_ by comparing the rates of the same pendulum in deep mines and at the 
surface. These experiments, made in the Dolcoath Mine, near Cam- 
bourne, in Cornwall, were excellently planned, and, so far as they went, 
~admirably conducted ; but by a singular fatality were in both instances 
cut short in their progress, and frustrated of their result, by accidents 
which could not have been foreseen and provided against—in the one 
case by the combustion in mid-air (from some cause never explained) of 
the basket containing the pendulums and other apparatus, in the act 
of raising them from the bottom of the mine to the surface—in the 
other, by the mine itself becoming deluged with water, owing to the 

* Bridgewater Treatise, p. 336, ch. ix. et seq. 
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sudden subsidence of a mass of rock “many times as large as Westmin- 
ster Abbey.” These failures, however, are the less to be regretted, as, 
had they not occurred, the third and successful attempt made by the 
Astronomer Royal in 1854, in the Harton Coal-pit, near South Shields, 
at a greater depth, and with the immense advantage of electric commu- 
nication between the clock above and the pendulum below, might never 
have been undertaken. 

In 1828 Dr. Whewell was chosen Professor of Mineralogy, as the 
successor of Professor Clarke, a position for which he had prepared 
himself by a residence in Germany, under the instructions of Pro- 
fessor Mohs. The subject, especially its erystallographical depart- 
ment, had previously, however, attracted much of his attention, as is 
evinced by his elaborate memoir “ On a general method of calculating 
the Angles made by any planes of Crystals,” communicated in 1824 
to the Royal Society (of which so early as 1821 he had become a 
Fellow). Several papers on the same department of Mineralogical 
Science were also communicated by him to the Cambridge Society in 
1822, 1827, and 1828. This appointment, however, he held only for 
four years, and resigned it in 1832, when he was succeeded by Professor 
William Hallows Miller. 

In 1827 he became a Fellow of the Geological Society, of which, such 
was the general sense of his proficiency in that science, in 1838, he 
was elected to the office of President. To this Society he communt- 
eated (in 1847) a paper on the distribution of the Scandinavian boulders. 
In the Meetings of the British Association,.too, he took a lively interest, 
and was President of that body in 1841. He was the originator, or 
one of the originators of that system of Reports on the present state 
and progress of the several branches of science, which have from time 
to time been so usefully and instructively published in their annual - 
Proceedings. In 1831 we find him writing to a friend on this subject. 
“ The advice I gave them (the managers of the York Meeting) was to 
this effect: that the meeting should select eminent persons in each 
department of science, and beg them to make, by the next annual 
meeting, reports as to the present condition of their respective pro- 
vinces, and the points where research will apparently be most useful ; 
that the purport of these reports and the degree of interest which they 
may excite should be the guide and basis of future operations of the Asso- 
ciation, if it continue; and that, at any rate, such collection of reports, 
if it can be procured, be printed—by which means their Wittenagemote 
will not have met in vain.”” This idea being acted on, he himself con- 
tributed from time to time, Reports on the Tides and on the Mathema- 
tical theories of Heat, Magnetism, and Electricity. 

The subject of the Tides engaged a large portion of his attention, 
and gave occasion for a series of researches on the progress of the 
Tide-waye in different regions of the ocean, communicated to the 
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Royal Society, and printed in their Transactions from 1833 to 1850. 
His labours on this branch of physical inquiry were distinguished in 1837 
by the award of one of the Royal Medals. In point of general result, 
these investigations may be considered as having afforded a clear and 
satisfactory view of the Atlantic Tides, while those of the Pacific (to 
which only a single memoir—the 13th in order—is devoted) remain still, 
in many of their features, enigmatical, and perplexed with difficulties 
which can only receive their elucidation from a long series of dis- 
cussion carried out on the same principles, and based upon far more 
extensive observational data than he then commanded, or than we yet 
possess. One of the most curious and unexpected results of these 
inquiries is, that there exist two points in the North Sea, one be- 
tween Harwich and Amsterdam, the other near the entrance to the 
Baltic, in which there is no rise and fall of the tides. Of these points, 
thus first theoretically indicated, the former has been subsequently 
verified by observation ; the other does not appear to have been sought 
for. 

With exception of this series of researches, his labours as a direct 
contributor to Physical Science may be considered as having termi- 
nated with his acceptance.of the professorial chair of Moral Philo- 
sophy (or, as it is officially designated, of Moral Theology and Casuis- 
try) in 1888. The work of Paley on Moral Philosophy, in which the 
basis of moral obligation is made to rest on expediency (taken in its 
largest sense, aS that which on the whole, and on a broad and general 
view of human relations, is most conducive to human happiness), was 
at that time the text-book followed in the University. This view of the 
foundation of morals was, however, peculiarly distasteful to him, and 
the whole tenor of his teaching on this subject was devoted to the expul- 
sion of what has been termed the utilitarian theory of morals, and the 
substitution for it of the inward teaching of a divinely implanted con- 
science, enlightened and guided by reason—obeying in this, as in his views 
of Physical Science, that strong leaning towards the Platonic or ideal 
system of philosophy which refers all our knowledge, in so far as it as- 
sumes a regular and systematic form (as other than the recollection of 
individual facts), to innate and primarily implanted conceptions coordi- 
nated with facts by the operation of the mind. Thus, as in geometry we 
coordinate our perceptions of the external world in accordance with our 
innate conception of Space—so, in this view of morality we coordinate our 
judgment of human action, and of our own emotions and desires in refer- 
ence to the innate and originally implanted idea of Right ; assuming that 
its fundamental axioms and leading propositions have found their utte- 
rance (though hitherto imperfectly, and only in the most usual and sim- 
plest cases of their application) in those positive laws which regulate the 
conduct of man towards his fellows in all civilized communities. These 
views are embodied in his sermons on the Foundation of Morals, his 
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‘Elements of Morality,’ his ‘Lectures on the History of Moral Philo- 
sophy in England, and more especially his ‘ Lectures on Systematic 
Morality’ (1846). The two views are no doubt ultimately reconcileable, 
or rather essentially those of one body of truth approached from dif- 
ferent ends of the vista: since if it could be shown that any legitimate 
conclusion as to moral duty drawn from the @ priori system were in- 
compatible with the production of general happiness and wellbeing, 
such conclusion could not but be deemed an insuperable objection to 
its truth; and since the ultimate reference to the enlightenment and 
guidance of reason (as distinct from innate or inspired intuition)—if it 
have any meaning at all—can only mean a reference to what experience 
teaches the general reason of mankind to expect as the probable result 
of any proposed course of action on the general happiness. But the 
difficulty is far greater to ascend to the general axioms of morality 
from the facts of history and social life in the way of induction, in the 
face of so much acknowledged confusion in the results of human action 
in the more complicated affairs of life, than to start from an @ priori and 
divinely inspired principle of right, interfered with in its application 
by the disturbing agency of passion and ignorance, in rendering an 
account of so much evil intermixed with so much good. Nor does this 
consideration appear to have been altogether without its weight in his 
choice of a starting-point, if we may judge from a passage in the work 
last cited (Systematic Morality, p. 183. Ch. 29 et seqg.). The just 
celebrity of these works, and of his philosophical treatises, with his 
other eminent claims to scientific distinction, procured him the honour 
of nomination by the French Academy as a correspondent in the depart- 
ment of “Sciences Morales et Politiques—Section de Philosophie.” 

In 1889 he retired from the tutorship of his college, devoting him- 
self thenceforwards entirely to those pursuits which he felt to be more 
congenial to the natural bent of his genius and to his personal habits, 
than the practical routine of education. What, and how expansive, and 
at the same time how definite and sober were his views on the sub- 
ject of the higher education in general, and of that which ought to be 
the more especial object of a University education, may be gathered 
from a series of essays and treatises published from 1885 to 1845 on 
this subject, one of which, a brief essay entitled ‘Thoughts on the 
Study of Mathematics as a part of a liberal education’ (1835), in- 
volved him in a controversy with a very formidable antagonist (if we 
are not mistaken, the late Sir Wm. Hamilton), who, in an elaborate 
article in the Edinburgh Review (No. 126), laboured to show that 
so far from being an essential and important means of cultivating 
“the noblest faculties in the highest degree,” such studies effect this 
purpose “at best in the most madequate and precarious manner,”’ and 
that, in point of fact, they “have less claim to encouragement than 
any other object of education.” Dr. Whewell, however, was quite as 
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strenuous an advocate for the importance of classical as of mathematical 
studies as part of a course of liberal education, as well as for admitting, 
if not insisting on, the study of natural history and other branches of 
Natural Science as a means of developing the intellectual faculties, 
and of jurisprudence, not only for its intimate connexion with sytema- 
tized morality, but as one of the best exercises in, and exemplifications 
of, applied logic. 

In May 1841 he published his ‘Mechanics of Engineering,’ a most 
useful and much-needed elementary treatise on the practical appli- 
cation of mechanical principles to questions of construction and 
machinery. In the summer of that year he married Cordelia, the 
second daughter of John Marshall, Esq., M.P., of Hallsteads and Pat- 
terdale Hall, Cumberland, and in October of the same year succeeded 
Dr. Wordsworth in the Mastership of Trinity College, which he re- 
tained during the remainder of his life. In this distinguished and 
important office (to use the words of one excellently qualified to judge), 
though “there were some who feared that the new Master would be 
imperious and overbearing, their fears were dissipated by the result. 
His government was, with scarcely an exception, the government of a 
constitutional monarch, not of a despot. Of his rights and privileges he 
was tenacious enough, but he preferred to delegate the active exercise 
of his power, and its consequent responsibility, to the several college 
officers, and was best pleased when all went smoothly without reference 
to him. He did not interpose nist dignus vindice nodus. The Lodge 
was the scene of generous hospitality, and received a constant succes- 
sion of distinguished guests.”’ His wife, a most amiable and excellent 
lady, suffered for several years from a painful illness, during which his 
care and attention were unremitting though unavailing; and in December 
1855 he was left a widower. From the deep grief and distaste for his 
usual philosophical pursuits, and from the melancholy associations of 
his college residence, he sought at length relief in a visit to Rome 
(resigning his Professorship of Casuistry), where, however, with charac- 
teristic eagerness for the continual accumulation of mental acquire- 
ment, he devoted much of his time to perfecting his knowledge of the 
Ttalian language, “taking lessons and writing exercises like the veriest 
schoolboy.’ Returning, and resuming his college duties, in 1858 he 
married Lady Affleck, widow of Sir Gilbert Affleck, a lady whose sweet 
disposition and engaging manners rendered her universally beloved, 
and contributed not a little to the increasing popularity with which he 
at length came to be regarded in the University,—the inherent dignity 
and loftiness of his character, and the splendour of his reputation, now 
universally recognized as adding lustre both to his college and to 
the University, overcoming somewhat of a contrary feeling which, in 
the earlier part of his career, had prevailed as the result of a certain 
uncompromising stiffness of demeanour and impatience of opposition. 
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In 1858 appeared his ‘ Novum Organum Renovatum,’ and in 1869 his 
‘Chapters Critical and Historical on the Philosophy of Discovery,’ 
being in part a reproduction of particular portions of his ‘ Philosophy of 
Inductive Science,’ of several essays on Plato, Aristotle, &c., communi- 
cated to the Cambridge Philosophical Society, and of a series of ‘ Re- 
marks on Induction with reference to Mr. Mill’s Logic’ (1849)—in 
part comprising several new and very striking chapters on the theolo- 
gical views suggested by physical discovery. 

His devotion to the Platonic view of the ideal world seemed to | eTrow 
with his growth and strengthen with his strength, and may be a to 
haye culminated in his Platonic Dialogues, which ap seca in 1860, 1861, 
and 1862, being in effect a translation of the most important portions 
of Plato’s dialogues, accompanied with a kind of running comment, 
explanatory of such portions as might be judged irrelevant or tedious 
if translated at length—a work which he declares to have been “ not 
lightly executed, but the labour of many years; each part gone over 
again and again.”’ 

In 1861 he was called upon by His Royal Highness the Prince Con- 
sort to deliver, for the express instruction of the young Prince of 
Wales (then a student of Cambridge), a short course of lectures on 
Political Economy. This, as we have seen, was a subject which had 
engrossed a large share of his attention at an earlier period, and which 
he never relinquished, being an ardent admirer of his distinguished co- 
temporary and dear friend Professor Jones (whose posthumous works he 
edited), and whose volume on Rent he considered as the only work in 
which that subject is treated in its most general aspect, and on truly 
correct principles. Accordingly we find in these lectures, which he 
subsequently published, frequent reference to his views, and copious 
extracts from the work itself. 

In 1865 he again became a widower. Stern and somewhat hard as 
he may have appeared to those who knew him but imperfectly, no man 
was ever more susceptible of the gentle and tender influences of female 
society, or had a deeper sentiment of domestic affection, and this last 
blow for a time completely overcame him. By very slow degrees, and 
cheered by the society of an attached relative of his former wife, he so 
far recovered as to be able to resume his philosophical pursuits, and to 
compose a short but highly interesting article on ‘“ Comte and Posi- 
tiyism,” which appeared in MacMillan’s Magazine. It was his last pro- 
duction. On the 24th February 1866, while riding a horse which had 
twice before thrown him (for though a bold, and even a reckless rider, he 
was by no means a first-rate horseman, riding negligently, and, in the 
present instance, probably greatly enfeebled, and perhaps affected 
by vertigo), he was observed by the ladies in a carriage, beside which 
he rode, to have lost the command of his horse, and to be partially 
unseated. Shortly after the horse appeared without his rider, and he 
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was taken up senseless, having received a concussion of the brain, 
unaccompanied however by any fracture. For a time hopes were enter- 
tained of his recovery, but they proved delusive. 'The fatal termination 
took place March 6, 1866; and on the 10th his remains were deposited, 
with every possible honour, and with an immense attendance on the 
part of the University, in the Chapel of Trinity College, at the feet of 
the statues of Newton and Bacon (the latter his own gift to the college). 
He left no family, and as he had throughout life identified himself 
with the University and the College in which he had won fame and 
acquired wealth, so, at his death, he devoted the bulk of the latter to 
increasing their efficiency. The particular ight in which he regarded 
systematic morality had led him to a careful study of the principles of 
jurisprudence and of the law of nations, during the course of which he 
had been led to publish a translation of the great work of Grotius, 
‘De Jure Belli et Pacis ;’ and justly considering that international law 
as a branch of the higher education was far too much neglected in this 
country, he provided by hig will for the liberal endowment of a pro- 
fessorship and studentships of that science in the University ; while, 
for the future enlargement of his college, he left a large and valuable 
area of adjacent ground, purchased for the purpose during his lifetime, 
together with ample funds for building on the site. 

To the worth and nobleness of his personal character it is scarcely 
possible to do justice within the brief compass of a notice like the pre- 
sent. Those who would appreciate it fitly will find it admirably deli- 
neated, and with a truth and fidelity which leave nothing to desire, in 
the biographical notice from which one passage has been already quoted 
above*. Of his works other than scientific, a brief mention will suf- 
fice, His ‘ Architectural Notes on the German Churches,’ and ‘ Notes 
written during an Architectural Tour in Picardy and Normandy,’ have 
been pronounced standard works on ecclesiastical architecture. The 
enumeration of the long list of churches visited, and noted by him 
according to a regular and systematic plan of annotation, in the course 
of a summer excursion, in the former of these works, will serve to give 
some idea of the surprising activity and energy with which he threw 
himself into everything he undertook. In 1847 he edited a collection 
of English hexameters and elegiacs by various authors, himself contri- 
buting a translation from the German of Goethe’s Herman and Doro- 
thea. Of the admission of these metres into our English verse he was 
always a strenuous advocate, justly apprehending their many and power- 
‘ful claims to such reception, and turning a deaf ear to the prejudice 
which would refuse them their merited place in our literature. He 
translated also Auerbach’s ‘ Professor’s Wife.’ 

The essay on the ‘ Plurality of Worlds’ (attributed to him, though 

* ‘William Whewell. In Memoriam. By G. W. Clark, M.A., Public Orator in 
the University of Cambridge. MacMillan’s Magazine, No. 78. 
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published anonymously), can hardly be regarded as expressing his de- 
liberate opinion, and should rather be considered in the light of a jeu 
@esprit, or, possibly, as has been suggested, as a lighter composition, 
on the principle of “audi alteram partem,’ undertaken to divert his 
thoughts in a time of deep distress. Though it may have had the 
effect I have heard attributed to it, of “preventing a doctrine from 
erystallizing into a dogma,” the argument it advances will hardly be 
allowed decisive preponderance against the general impression which 
the great facts of astronomy tend so naturally to produce—ZJ. F. W. H. 


Nicuoxas Woop was born at Sourmires, a village near Newcastle-on- 
Tyne, April 24th, 1795. While at school, in the same neighbourhood, he 
attracted the notice of Sir Thomas Liddell, and through his influence was 
placed at Killingworth Colliery, to learn the practice of a coal-viewer. 
Here he made acquaintance with George Stephenson, who was beginning 
to develope that skill and ingenuity which afterwards made him famous. 
The two young men became intimate, and both worked energetically in 
carrying out the plans of the inventor of the future locomotive. Wood 
made the drawing of the first safety-lamp, and was fearless enough to 
accompany Stephenson in a trial of the lamp first constructed therefrom, 
at a “blower” in the mine. Taking the time and circumstances into 
account, this experiment must be recognized as a manifestation of a high 
degree of moral as well as physical courage on the part of the two opera- 
tors. Someof Wood’s earliest scientific papers, published in local journals 
about the year 1815, were on the use of the lamp in mines and on points 
in the controversy which its use had originated. In the fact that Stephen- 
son afterwards placed his son Robert under Wood as a pupil, we have a 
further proof of the confidence existing between them. 

In 1825, the year of the opening of the Stockton and Darlington railway, 
Mr. Wood published a ‘ Treatise on Railroads,’ which, embodying what 
was then known of the principles and practice of railway construction, has 
passed through three editions, and is still regarded as a standard work, 
notwithstanding that in the first edition the author treats as “ridiculous 
expectations ’’ the views of those who were sanguine enough to believe that 
locomotives could be made to run twenty miles an hour. 

In 1827 Mr. Wood gave evidence before the Parliamentary Committee 
on the proposed railway from Liverpool to Manchester. His opinion was 
highly valued, especially on subjects connected with coal-mining, so that in 
parliamentary inquiries relating to such subjects he was usually summoned 
as a witness. With a growing reputation as geologist and mining-engineer, 
he communicated, in 1830 and 1831, to the Natural History Society of 
Northumberland, Durham, and Newcastle-on-Tyne, two papers, which were 
published in their ‘Transactions’ as valuable contributions to the then 
existing knowledge of the geology and paleontology of the district. The 
subject was extended and further elucidated in two papers read at the 
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Meetings of the British Association at Newcastle in 1838 and 1863. In 
these papers the limits of the several formations—the millstone grit, the 
mountain limestone, and true coalfields—are defined, the courses of 
“dykes ”’ are laid down, their effect on the coal-measures is pointed out, 
and in the numerous sections a clear view is given of the structure of the 
country. In the paper on “The Wash,” a remarkable denudation through 
a portion of the coalfield of Durham, written jointly with Mr. Boyd (1863), 
the effect of a great stream in remote epochs, in producing the present 
geological configuration, is ably traced. 

The demands on Mr. Wood’s time and practical skill multiplied with 
the increasing demand for coal for lighting and manufacturing pur- 
poses. In 1844 he proposed a registration of mining operations as im- 
portant alike from the geological as from the commercial point of view. 
He was a member of the local Committee afterwards formed to draw 
up a report on the best method of preventing or diminishing accidents in 
coal-mines, out of which resulted the Mines’ Inspection Act of 1851. In 
the following year, with a view to give effect to practical suggestions, a 
scheme for a society was proposed which in August of that year took shape 
as the North of England Institute of Mining Engineers, with Mr. Wood as 
President. From that time to the end of his days he was annually elected 
to the same honourable post, and discharged the duties thereof with ad- 
vantage, during a period in which, besides his inaugural address, he con- 
tributed fourteen papers on important professional subjects to the Society’s 
‘Transactions.’ In his address, as well as on other occasions, he reiterated 
his appeal for the formation of a collection of plans and records as a means 
of promoting mining and geological science. These papers, with one on 
“Improvements in the Workingof Coal-Mines,” communicated to the 
Society of Mechanical Engineers, and published in their ‘ Proceedings,’ 
were the latest of his writings. 

In 1844 Mr. Wood removed from Killingworth to Hetton Hall, co. 
Durham, where, while health permitted, he continued his active labours 
particularly in the attempt to establish a school or College “for the culti- 
vation, improvement, and teaching of mining science, especially as applica- 
ble to coal-mines.” The attempt failed, but the discussion had a beneficial 
effect in attracting public attention, and in impressing the Government 
with its importance. 

Mr. Wood was a member of the local societies in his neighbourhood, of 
the Geological Society, of the Institution of Civil Engineers, and in 1864 
was elected a Fellow of the Royal Society, but did not live long to enjoy 
the honour. He had been for some years a widower, when failing health 
compelled him to give up the duties which he had so beneficially discharged, 
and to resort for medical advice to London, where he died December 19, 
1865, leaving four sons and two daughters. He was characterized through- 
out life by a calmness of temper which nothing disturbed; and one who 
knew him well has recorded concerning him, that, ‘‘ whether he be viewed 
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as an employer of labour, as a successful man of business, as a promoter 
of knowledge, as a friend to education among all classes, as a neighbour, a 
parent, or a friend, we may safely say that his place in society will not easily 
be filled.’ 


JOHN, LorD WROTTESLEY, was born on the Sthof August 1798. His 
father, the first peer, was the representative of a family which was of dis- 
tinction when it acquired the estate of Wrottesley, near Wolverhampton, 
at a date which may be best remembered by the fact that the fourth pos- 
sessor, and the third who took his name from it, was made a Knight of the 
Garter at the institution of the order. The subject of cur memoir gra- 
duated at Oxford with a first class in mathematics, and was called to the 
bar, at which he practised for several years as an equity lawyer. His 
tastes were scientific. He showed them when he joined the Society 
for the Diffusion of Useful Knowledge, in the Committee of which he 
worked during the whole existence of the body: in its earliest days he 
wrote a number of the Useful Knowledge Library, on navigation. In 
1831 he became one of the Secretaries of the Astronomical Society, of 
which he was afterwards President (1841-43). He became President of 
the Royal Society in 1854, on the retirement of Lord Rosse, and held this 
post until 1658. He died Oct. 27, 1867, aged sixty-nine. No life was 
more devoid of striking incidents than his: the only exceptions to its even 
tenour were the loss of two worthy sons, one of whom fell in action at the 
Cape, the other at Bomarsund. 

His characteristics, says a journal obituary, were plain manners, kind feel- 
ings, sound judgment, and useful intellect. His knowledge of law, his pursuit 
of science, and his conduct of life were equally practical and equally unob- 
trusive. His particular pursuit was astronomy, which he carried on in two 
small observatories, one at Blackheath, while he was engaged at the bar, the 
other at Wrottesley, after his accession to the title in 1841. In 1839 he 
received the gold medal of the Astronomical Society for a catalogue of 
stars. This work was performed by himself with the aid of Mr. Hartnup, 
now at the head of the Liverpool Observatory, whom he trained as his 
assistant. The object of it was to make systematic observations of the 
right ascensions of all the stars of the Astronomical Society’s Catalogue, 
of the sixth and seventh magnitudes; the higher magnitudes having been 
undertaken, or rather having been supposed to have been undertaken, by 
other observatories. Comparison with various cases obtained from public 
observatories showed that Mr. Wrottesley’s catalogue was, as it was styled 
by Mr. Baily in delivering the medal, of first-rate importance and entitled 
to implicit confidence. 

Lord Wrottesley also communicated two astronomical papers to the 
Royal Society—one, ‘On the Results of Periodical Observations of the 
Positions and Distances of certain Double Stars,” published in the Philo- 
sophical Transactions for 1851; the other, which was published in the 
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* Proceedings’’ for 1859, is entitled «‘On the Application of the Calculus 
of Probabilities to the results of Measures of the Position and Distance of 
Double Stars.” 

During the four years of his presidency of the Royal Society, Lord 
Wrottesley was unremitting in his attendance at the meetings of Council, 
and his conduct of business was guided throughout by the clearness of 
insight and rectitude of judgment which belonged to his mental character. 
Among the various subjects which came under his consideration during 
this period, there was one in which he may be said to have taken a special 
interest ; the question, namely, whether any measures could be adopted by 
the Government or by Parliament which would improve the position of science 
and its cultivators in this country. The subject was brought under the 
consideration of the Parliamentary Committee of the British Association, 
of which Lord Wrottesley was Chairman; and the Committee, after cor- 
responding with eminent men of science and learning their views on the 
question, presented a Report to the Meeting of the Association at Glasgow 
in 1855. In the following summer a motion was made in the House of 
Commons, by Mr. James Heywood, for a Select Committee to inquire into 
this question, which was, after some discussion, withdrawn, in order, as it was 
understood, to allow the matter to be previously considered by scientific men. 
On this, Lord Wrottesley, without loss of time, brought the matter before 
the Council of the Royal Society, who referred it in the first instance to 
the Committee who assisted them in the distribution of the Govern- 
ment grant, and finally adopted a series of resolutions which were com- 
municated to Lord Palmerston, then First Lord of the Treasury: but a 
change of Government and a dissolution of Parliament having soon after- 
wards taken place, the matter was not again brought before the Legisla- 
ture. Both as Chairman of the Parliamentary Committee of the British 
Association and as President of the Royal Society, Lord Wrottesley con- 
ducted the correspondence relating to this question, and took the chief 
share in drawing up the Reports. 

Lord Wrottesley was President of the British Association at its Meeting 
in Oxford in 1860, and in his Address delivered on that occasion, he 
earnestly recommended due encouragement of the Physical and Natural 
Sciences as branches of University study. On a later occasion, in a speech 
delivered in the House of Lords in 1865, on the Public Schools Bill, he 
strongly urged the expediency of introducing science as an important branch 
of school teaching. 


ALEXANDER DALLAS Bacue, For. Memb. B.S., was a son of Richar 
Bache, one of the several children of the only daughter of Dr. Benjamin 
Franklin. His mother was Sophia Dallas, the daughter of Alexander J. 
Dallas, and sister of George M. Dallas, whose names are well known in the 
history of the United States, the former as Secretary of the Treasury, and 
the latter as Vice-President of the United States, and subsequently as 
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Minister at the Court of St. James’s. He was born in Philadelphia, on the 
19th of July, 1806. Atanearly age he became a pupil of a classical school 
of celebrity, and was distinguished by unusual aptitude in the acquisition 
of learning. Shortly before arriving at the age of fifteen, he was appointed 
a cadet of the Military Academy at West Point, and graduated in 1825 at 
the head of his class. 

After graduating, he was selected to remain in the Academy as an 
Assistant Professor, and in this position, which gave him an opportunity 
of reviewing his studies and examining his reading, he continued one year, 
when at his own request he was assigned to engineering duty at Newport, 
R.I. Here he remained two years, engaged in constructing fortifications, 
and devoting his extra hours to the study of Physics and Chemistry; and 
supported his mother and her younger children out of his stinted pay as 
Lieutenant of Engineers. An unexpected change new took place in his 
circumstances, which enabled him to marry. He was appomted to the 
Professorship of Natural Philosophy and Chemistry in the University of 
Pennsylvania, at Philadelphia. Having had, prior to this, some experience 
as a teacher, he soon gained the entire confidence of the authorities of the 
University and the affections of bis pupils. He became a member of the 
Franklin Institute, a Society then newly established for the promotion of 
the Mechanical Arts. This Society was well calculated to exhibit his 
talents and develope his character. It brought him into intimate associa- 
tion with the principal manufacturers, engineers, and artisans of the city. 
Facilities were thus afforded him for the prosecution of science which he 
could nothave commanded inany other way. Workshops were thrown open to 
him, and skilfal hands offered ready assistance in realizing the conceptions 
of his suggestive mind. [is descent from the illustrious Statesman and 
Philosopher, whose name the Institution bears, contributed in some de- 
gree no doubt to the influence which he acquired ; but it was in the main 
to his own industry, ability, and courtesy that he owed the favour and 
distinction which, in assigning to him the principal directorship of scientific 
investigations, afforded him the means of so greatly contributing to the 
usefulness of the Society, and of advancing his own reputation. An account 
of the labours in which he was engaged in his connexion with the Franklin 
Institute will be found in the volumes of its Journal from 1826 to 1835 
inclusive. The results of his mvestigations relating to the bursting of 
steam-boilers, after a lapse of more than thirty years, have not yet been 
superseded by any others of more practical value. These experiments 
were attended with no small amount of danger, and required in their 
execution no small amount of personal courage. . 

He erected an Observatory in the yard of his own house, in which, with 
the aid of his wife and his friend and former pupil, John Fraser, he deter- 
mined with accuracy, for the first time im the United States, the periods of 
the daily variations of the magnetic needle, and in another series of obser- 
vations the connexion of the fitful variations of the direction of the 


VOL. XVI. f 


a en 


Ixvi 


magnetic force with the appearance of the Aurora Borealis. He also, in 
connexion with Mr. Espy, made.a minute survey of the relative change of 
position of the trees and other objects in the track of a tornado which 
passed over New Brunswick. In connexion with Professor Courtenay he 
also made a series of determinations of the magnetic dip at various places 
in the United States. Indeed, terrestrial magnetism was with him a 
favourite subject, to which he continued to make valuable contributions at 
intervals during his whole life. He was also much mterested in the 
phenomena of heat, and was the first to show, contrary to generally 
received opinion, that the radiation and consequent absorption of dark 
heat is not affected by colour. 

In 1836, when Professor Bache had just attained the thirtieth year of 
his age, the Trustees of the Girard College, an institution munificently 
endowed by a benevolent citizen of Philadelphia, preparatory to organizing 
the College, resolved to select Professor Bache as the most proper man for 
the office of President, and to send him abroad to study the systems of 
education and methods of instruction and discipline adopted in Europe. 
It was with difficulty that he could bring himself to regard with favour a 
proposition which threatened to separate him from the pursuit of science. 
The consideration of a more extended field of usefulness at length pre- 
vailed, and he accepted the proffered position, though not without some 
lingering regret. No American ever visited Europe under more favourable 
circumstances for becoming intimately acquainted with its scientific and 
literary institutions. His published researches had made him favourably 
known to the cultivators of science, and gave him ready access to intelli- 
gent and influential society. Heremained in Europe two years, and on his 
return embodied the results of his researches on Education in his Report 
to the Trustees of Girard College. This Report is an almost exhaustive 
exposition of the systems of education and methods of instruction in use at 
the time in England, France, Prussia, Austria, Switzerland, and Italy. 
The accounts which are given of the different schools of Europe are 
founded on personal inspection, the results being noted down at the time 
with his habitual regard for accuracy. 

After completing his report he was prepared to commence the organiza- 
tion of the College, but the Trustees, partly on account of the unfinished 
condition of the building, and partly from a want of the final adjustment 
of the funds, were not disposed to put the Institution into operation. In 
the meantime, Professor Bache, desirous of rendering the information he 
had acquired of immediate practical use offered his services gratuitously to 
the municipal authorities of Philadelphia to organize on an improved basis 
a system of public education for that city. This offer was readily accepted ; 
and he commenced the work with his usual energy, and with the cordial 
support of the Directors and Teachers of the common schools. The result 
of his labours was the establishment of the best system of combined free 
education which had at that time been adopted in the United States. 
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In 1842, having completed the organization of the schools, and finding 
that the Trustees of the College were still unprepared to open the Institu- 
tion, he resigned ali connexion with it, and yielded to the solicitations of 
the Trustees of the University to return to his former chair of Natural 
Philosophy and Chemistry. During his travels in Europe he provided 
himself with portable instruments, and made a series of observations on 
the dip and intensity of terrestrial magnetism at prominent points on the 
Continent and in Great Britain, with the view of ascertaining the relative 
intensity of the magnetic force in Europe and America. The observations 
also served in most instances to settle with greater precision the magnetic 
condition of the poimts at which they were made. In the midst of the 
labour of organizing the schools of Philadelpha he cooperated actively 
with the British Association in determining the fluctuations of the magnetie 
and meteorological elements of the globe by contemporaneous observations 
at places widely separated from each other. He established an Observatory, 
which was furnished with a complete series of the best instruments by the 
Girard College, and was supported by the American Philosophical Society, 
and a number of liberal and intelligent individuals. The observations, 
which were continued at short intervals day and night for five years, form 
a rich mine from which, until within the last few years of his life, he drew a 
highly interesting series of results without exhausting the material. In 
addition to these observations, he made during his summer vacations a 
magnetic survey of Pennsylvania. 

In November 1843, on the occasion of the death of Mr. Hassler, he was 
called to take charge of the United States Coast Survey. Though he 
undertook the task with many misgivings, it may be truly said that no 
other living man was so well qualified to secure the results which the nation 
and its commercial interests demanded. His education at West Point, his 
skill in original investigations, his thorough familiarity with applied science, 
his knowledge of the world and his gentlemanly deportment were all essen- 
tial elements in the successful prosecution of the Survey. Besides these 
qualifications he possessed rare executive ability, and governed and guided 
the diverse elements of the vast undertaking with consummate tact and skill. 
Quick to perceive and acknowledge merit in others, he rapidly gathered 
around him a corps of men eminently well qualified for the execution of 
the tasks to which he severally assigned them. Up to the time of the 


appointment of Professor Bache little more than a beginning of the Survey 


had been made. It extended only as far from New York harbour as Point 
Judith on the east coast, and southward to Cape Henlopen. The new 
Superintendent saw the necessity of greatly enlarging the plan so as to 
embrace a much broader field than it had previously included. He divided 
the whole coast-line into sections, and instituted under separate parties the 
essential operations of the Survey simultaneously ineach. He commenced 
the exploration of the Gulf-stream, and at the same time projected a series 
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cf observations on the tides, also of the magnetism of the earth, and the 

direction of the wind at different seasons of the year. He also imstituted a 

succession of researches in regard to the bottom of the ocean within sound- 

ings, and the forms of animal life which are found there, thus offering new 

and unexpected indications to the navigator. He pressed the electric tele- 

graph into the service for the determination of the longitude, photography 

for the ready reproduction of charts, and the art of electrotyping for multi- 

plying copperplate engraving. Professor Bache, with his enlightened appre- 

ciation of the value of abstract science, kept constantly in view the various 

problems relative to the physics of the globe which were incidentally con- 

nected with the survey of the coast, and ever cherished the hope of being 

permitted to finish his labours by their solution. Among these was a new 

determination of the magnitude and form of the earth, the variations in 

the intensity of gravity at various points on the continent of North Ame- 

rica, the discussion of the general theory of the tides, the magnetic 

condition of the continent, and the improvement of the general map of 
the United States by determining in relation to the coast-line, the geogra- - 
phical positions of the most important points in the interior. 

He was Superintendent of Weights.and Measures, and rendered im- 
portant services as a Member of a Commission to examine the condition of 
the Light House System. In 1846 he was named one of the Regents of 
the Smithsonian Institution, and by successive reelection was continued 
in this office until his death. At the request of the Governor of Pennsy}- 
vania, although overwhelmed with other public labours, he planned a line 
of defences for Philadelphia, and to a considerable extent personally super- 
intended their construction. This work proved too much for his strength, 
and brought on the malady which terminated his life. 

After some premonitory symptoms, which, however, did not diminish his 
exertions, he was suddenly deprived in a considerable degree of the power 
of locomotion, and of the expression of his ideas. For several months he 
was very anxious about the business of the Coast Survey, and it was with 
difficulty that he could be restrained from resuming the full duties of his 
office. It was hoped that a voyage to Kurope would be of service to him; 
the journey, however, was productive of no permanent advantage ; and after 
lingering for more than two years, he departed this life on the 17th of 
February 1867. 

But few Americans have been more highly honoured at home or more 
appreciated abroad. He was President of the American Philosophical 
Society, of the American Association for the Advancement of Science, 
and of the National Academy of Sciences lately established by Congress. 
He was a Foreign Member of the Royal Society of Edinburgh, the 
Royal Irish Academy, the Royal Astronomical Society, a Corresponding 
Member of the Imperial Institute of France, of the Imperial Academy of 
St. Petersburg, of the Royal Academy of Turin, of the Institute of 
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Bologna, of the Royal and Imperial Geographical Society of Vienna, and 
the Mathematical Society of Hamburg. He was elected a Foreign Mem- 
Ler of the Royal Society in 1860. 

The preceding notice has been extracted from a manuscript memoir of 
Professor Bache kindly supplied by Dr. Joseph Henry. 


Geore Frieprich BERNHARD RIEMANN was born on the 17th of Sep- 
tember 1826 at the village of Breselenz, near Dannenberg, in Hanover. He 
was the second of six children born to the Pastor of Breselenz. Under his 
father’s sole tuition till eight years of age, he exhibited great powers of 
arithmetical calculation. An able tutor, who from this time assisted in 
teaching him, was forced to make unusual exertions in order to follow the 
short and original solutions of the problems proposed to his pupil. 

In the spring of 1840 Riemann was sent to the Lyceum in Hanoaer, 
where he remained two years. Ie was then placed in the Gymnasium of 
Lineburg under Director Schmalfuss. The latter soon discovered Rie- 
mann’s mathematical talent, and not only gave him problems made 
expressly for him during school hours, but lent him works on the higher 
mathematical subjects, which he brought back after having thoroughly 
mastered them in the course of a few days. A week sufficed tu make 
Legendre’s theory of numbers his own for life. 

He entered the University of G6ttingen at Easter 1846, by his father’s 
wish, as a student of theology. Here the lectures of Gauss stirred up in 
him such a passion for exact science that he sought and obtained permis- 
sion from his father to devote himself entirely to the studies of his choice. 
For two years, commencing with Easter 1547, he studied under Jacobi at 
Berlin. He then returned to Géttingen, and graduated, his dissertation 
on the foundations of a general theory of functions of a variable complex 
magnitude obtaining the warm approval of Gauss. 

In 1854 he qualified for the post of a teacher by a lecture on the hypo- 
theses on which geometry is founded, and by writing a memoir on the re- 
presentation of a function by a trigonometric series. In September of the 
same year he wrote on the distribution of electricity in non-conductors. 
In 1855 he contributed to Poggendorff’s ‘ Annalen’ a paper on the theory 
of Nobili’s coloured rings, and one on the mathematical theory of the gal- 
vanic current. During the two following years he suffered much from 
failing health. 

In 1857 he became Professor Fiebor hari’ and wrote four papers 
which appeared in vol. liv. of Crelle’s Journal. In 1859 he was elected 
a Corresponding Member of the Academy of Sciences of Berlin, and con- 
tributed to the ‘Abhandlungen’ of the Academy a memoir on the num- 
ber of primes below a given number, and was nominated Professor Ordi- 
narius. In 1860 he was elected a member of the Academy of Sciences of 
Gottingen, and in the course of this and the following year wrote a me- 
mvir on the propagatica of plane waves of finite amplitude in air, and one 
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on the motion of a fluid homogeneous ellipsoid. These two memoirs were 
printed in the eighth and ninth volumes of the ‘ Abhandlungen”’ of the 
Society. 

Riemann married in 1862. In July of the same year he suffered Bises 
an attack of pleurisy. Through the good offices of Professors Weber and 
v. Waltershausen he obtained leave of absence and pecuniary assistance 
from a fund available for such purposes, to enable him to travel in Italy. 
He quitted Gottingen in November and passed the winter in Messina. His 
' health in some degree restored, he left Messina in March 1863, on his 
homeward journey, stopping in Palermo, Naples, Rome, Pisa, Florence, and 
Milan, and making the acquaintance of the most distinguished men of 
science of Italy. He arrived in Gottingen in July, sufferimg from a re- 
lapse caused by exposure to cold in crossing the Spligen. In the following 
August he entered upon his second journey to Italy. The Professorship 
at Pisa, vacant by the death of Mosotti, was offered to him at the sugges- 
tion of Professor Betti, but declined by the advice of Riemaun’s friends on 
account of the state of his health. He passed two successive winters in 
Pisa. In the autumn of 1865 he returned to Gottingen, and began to 
write a paper on the mechanism of the ear, which was pubiished after his 
death by Professors Henle and Schering. He entrusted the completion 
of a paper on the surface of least area, having a given boundary, to Dr. 
Hattendorff. This paper is printed in vol. xi. of the ‘ Abhandlungen’ of 
the Society of Gottingen. Desirous of passing some months on the shores 
of the Lago Maggiore in order to collect strength sufficient to enable him 
to complete his unfinished works, he left Gottingen on the 16th of June 
1866, and after some delay, caused by the events of the war, reached 
Lago Maggiore on the 23rd of the same month. 

Perfectly conscious of his approaching end, and fully pee for it, he 
repeatedly urged his physician to tell him how long he had to live, in order 
that he might thereby be guided in the selection of a labour that it might 
be possible for him to complete. He died in entire possession of his 
faculties on the 20th of July 1866, at Selasca, near Intra, on the Lago 
Maggiore, having only the day before worked on the mechanism of the 
organs of hearing, whilst he warned his attendants that his death was at 
hand. 

He is gratefully remembered by his pupils for his liberality in imparting 
t» them the results of known, new and important unpublished researches, 
aid for the unwearied zeal with which he strove to impress upon them the 
whole truth of his lessons. 

The materials for the preceding sketch of Professor Riemann’s life were 
obtained from a ‘ Gedichtniss-Rede,’ addressed to the Royal Society of 


Gottgen by Professor Schering, and some manuscript notes supplied by 
Professor Clebsch. 
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Sir Epmunp Waker Heap was born at Wiarton Place, Kent, 
February 16, 1805. His ancestor, created a baronet in 1676, resided at 
the hermitage near Rochester, in Kent; and his seat is said to have af- 
forded shelter to James the Second during the memorable week of December 
1688, the last which he spent in England. The grandfather of the sub- 
ject of our memoir, Sir Edmund, emigrated to America, and settled at 
Charleston. In the War of Independence he took the Royalist side, lost 
the greater part of his fortune, and returned to England, bringing with 
him his son, afterwards Sir John. This portion of the family history was 
much noted m Canada and in New Brunswick when the descendant and 
namesake of this Sir Edmund went to administer the government of those 
provinces, in both of which there are many families descended from the 
** loyalists”’ of the last century. 

Sir John became a clergyman, and had by his wife, Miss Walker, two 
chiidren, Sir Edmund and Annette, wife of the Baron de Milanges. He 
died in 1838. 

Edmund was sent to Winchester in 1815, where he became, through his 
rapid proficiency, a very favourite pupil of Dr. Gabell, the then head 
master. ‘It is hard,’ writes the Doctor to Sir John, in 1822, “to part 
with so delightful a boy; but there is virtue in parting with him: pray 
do not detain him beyond the proper time.’ He entered Oriel College, 
Oxford, as a gentleman commoner in January 1824, was first class in 
classics 1827, and elected to a fellowship of Merton. 

Thus introduced into the academical world of his day, Edmund Head 
became familiar, and continued so through his life, with many of the 
leading men of that remarkable time for Oxford, and especially for Oriel : 
the two Newmans, the three Wilberforces, Froude, Manning, Wrangham, 
Edward Villiers, Denison, the Bishop of Salisbury were all more or less 
nearly his cotemporaries, and members of his Oxford circle. But of the 
friendships which he formed at that place, the most lasting, and in its con- 
sequences to himself the most important, was with George Cornewall Lewis, 
then student of Christ Church. No two men could be more singularly 
fitted to love and esteem each other, and, in a certain sense, to supply 
each other’s deficiencies. Both were strongly addicted to the study of the 
past ; but Lewis more in relation to antiquities and politics, Head especially 
in the province of history and art. Both were classical scholars of mark— 
Lewis, no doubt, with far more of industry and research, Head with at 
least equal elegance. Both were early engaged in the same line of political 
and social speculations ; and in both liberal tendencies were accompanied 
by the same singular candour and modesty of judgment. Some of the 
epitaph, so to speak, composed by Sir Edmund for his predeceased friend, 
in his preface to ‘ Lewis’s collected Essays on the Administration of Great 
Britain’ (1864), seems, to those who knew and valued them both, ta 
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illustrate his own character almost as much as that of the subject of his 
panegyric. ‘‘ He rarely formed an opinion without looking at all sides of 
the question before him, or without having recourse to all accessible 
sources of information, which few men knew so well where to seek as he 
himself did. He was deluded by no prejudices, and jumped to no con- 
clusions without testing them by the application of sound common sense, 
When he had thus formed an opinion, he adhered to it steadily, but not 
obstinately. He was ever open to argument, and he never refused to listen 
to it because it conflicted with his own view of the case. He had none o: 
those crotchets or fancies lurking in his mind which so often taint the 
reasoning.” | 

The classical accomplishments of Sir Edmund’s early years he retained 
through life, though multiplicity of business on the one hand, and the pre- 
valence in his mind of other tastes, especially for art, on the other, pre- 
vented him from ‘“ keeping up”’ his classics as sedulously as some other 
politicians of his generation have done. But the readiness with which he 
could apply his early knowledge was often displayed—never more neatly 
than in the prefatory quotation which he furnished to Professor Tyndall 
for his paper on Calorescence (Phil. Trans., Read Nov. 23, 1865). 


Forsitan et rosea sol alté lampade lucens 

Possideat multum ceecis fervoribus ignem, 

Circum se, nullo qui sit fulgore notatus, 

Adstiferum ut tantum radiorum exaugeat ictum. . 
Lucret. v. 160. 


“I am indebted to my excellent friend Sir Edmund Head,” says the 
eminent Professor, “ for this extract, which reads like divination.”’ 

Not long after his election to Merton in the year 1830-31, Sir Edmund 
travelled over most part of Spain in company with David Roberts the 
artist, then engaged in making drawings for his work on that country. 
Three of the plates in that work, namely the view of Ronda, of the viaduct 
at Segovia, and the bridge at Toledo, are from his sketches. It was on 
this occasion that he made acquaintance with Richard Ford (then resi- 
ding at Seville), the accomplished and genial author of the ‘ Handbook for 
Spain,’ which ripened into a durable intimacy. 

Sir Edmund brought back from his tour in Spain, and also in Italy, an 
increased devotion to the pursuits of what was formerly termed a “ vir- 
tuoso,” fondness for art, and familiarity with its history and specialties, 
especially the art of painting. The second part of Kugler’s ‘Hand- 
book of Painting,’ published in English by Murray, that which relates to 
the German, French, and Dutch schools, was edited by him. The third 
part (Spanish and French schools, published as a separate work in 1848) 
is his composition. 

It was his intention, on leaving Oxford, to follow the civil law as a pro- 
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fession; but his scheme of life was altered through his intimacy with 
Lewis, whose father, Sir Frankland, was at the head of the Poor Law 
Board. Through the son’s influence, Head became Assistant Poor Law 
Commissioner in 1836. He organized the unions in Herefordshire, the 
district assigned tohim. It was on that occasion that he made the acquaint- 
ance of the lady who became his wife, Anna Maria, third daughter of the 
Rey. Philip Yorke. They were married in 1838. In the same year the 
baronetcy devolved on him by the death of his father. The issue of the 
marriage were three children—a son, accidentally drowned in Canada, and . 
two daughters, surviving. 

From Herefordshire he was transferred to the London district, and in 
1841, on the resignation of Sir John Lefevre, became one of the chief 
Commissioners, with his friend Lewis and Sir George Nicholl. This me- 
moir does not afford an occasion for recurring to the accusations and Par- 
liamentary discussions, with which, indeed, Sir Edmund had personally 
little to do, which produced the disruption of that Board in 1847. It was 
reconstituted by Act of Parliament in that year under a new organization ; 
but Lewis and Head were not included in the latter. 

In 1847 Sir Edmund was appointed Lieutenant-Governor of New 
Brunswick by Lord Grey, then Secretary for the Colonies. The period of 
his appointment coincided with that of a great constitutional change in the 
government of the dependencies of Great Britain, the introduction of what 
is called “responsible government.’ Canada was already undergoing the 
transition to the new state of things under the able management of the 
Earl of Elgin. New Brunswick and Nova Scotia were the next subjects of 
experiment. Although the field of action thus afforded to Sir Edmund 
was but a small one, it was one which taxed the abilities and the temper 
of the administrator to the full extent. He occupied a post exposed to 
attack, on the one side, from colonial politicians who were bent on push- 
ing their newly gained independence to excess, and British members of 
Parliament and politicians on the other, who could not for a long time be 
brought to comprehend the nature of the gift which they had bestowed, 
nor why a colony, having achieved the right to conduct its own affairs, was 
to be allowed to conduct them in a way which they disliked. And many 
points of serious difference were long left unsettled—the management of 
the public laws, the disposal of the reserved revenue, then called the “ civil 
list,’ the embarrassing question of the initiation of money votes by the 
local government instead of at the caprice of individual members. During 
seven years of government in New Brunswick Sir Edmund Head contrived 
so far to smooth away these causes of differences, that few portions of the 
British empire have been better or more quietly governed than that which 
he conducted through this first stage of self-government. Cautious almost 
to excess, entirely free from that self-importance which induces colonial 
governors at times to forget that the maxim of “ reigning and not govern. 
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ing’? is to be carefully followed except in. peculiar emergences, he united 
with these qualities a very conscientious loyalty to those with whom he 
was placedin contact. To let every project which he initiated be thoroughly 
known beforehand to his local advisers on the one hand, and to his supe- 
riors in office at home on the other, was with him a fundamental rule of 
conduct. And the result was, that, though often opposed on the one hand 
and sometimes overruled on the other, he was always and thoroughly 
trusted. 

The monotony of colonial life in a remote and thinly peopled province was 
diversified, for Sir Edmund Head, by a strong love of nature and attach= 
ment to outdoor pursuits. He had a taste for geology, and induced the 
legislature of New Brunswick to employ Professor Johnston to survey the 
province, and publish a report on its agricultural capabilities based on its 
geological formation—a work of considerable local value. In later years 
he took great interest in the geological survey of Canada, accompanied Sir 
William Logan in his field operations, and took part in many a discus- 
sion on the mysteries of the ‘‘ Laurentian strata.” And besides his ad- 
diction to landscape-art and the picturesque, he was, moreover, a very 
eager and accomplished sportsman. Some of his happiest intervals of 
busy life were spent in the wild backwoods of New Brunswick, with Lady 
Head for his companion, geologizing, sketching, fishing, and shooting, 
until the close of the late Indian summer called them back to official em- 
ployment. 

In September 1854 Sir Edmund Head was promoted to the office of 
Governor of Canada and Governor-General of British North America, on 
the resignation of Lord Elgin. In this instance Lord Elgin had laid the 
foundation of that system of government which was afterwards adminis- 
tered by Sir Edmund. But the period of his administration was signalized 
by serious difficulties and important changes. 

Not long after his assumption of the Government of Canada the Russian 
war broke out (1854-56). It will be in the recollection of those who 
watched the events of that anxious period into what embarrassment this 
country was for a time thrown by the difficulty of obtaining soldiers for 
our immediate demand, and how greatly that embarrassment was increased 
by the apprehension on that subject, amounting to a panic, which took 
possession of the public mind. Well-meaning but over-zealous agents 
suggested, and attempted, the levy of recruits among British subjects, not 
only in our American colonies, but in the United States. Rightly or 
wrongly, the jealous spirit of our kindred of the Republic was aroused by 
the proposal, and by the very slight attempts which were made to carry it 
into execution. Sir Edmund Head, accustomed as he was to dealing 
with the Americans, saw at once its extreme danger and checked it, imme- 
diately, at all hazards to his own popularity, along the precarious line of 
boundary between his colony and the States. 
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‘Tf am not in the habit of boasting,” he says in a private letter of this 
date; ‘nor do I pretend to have foreseen all the consequences ; but I sin- 
cerely believe that if I had given in to some of the recruiting schemes, and 
had thus generated a hostile feeling at Buffalo and along the frontier, war 
would have been upon us before this time.” The danger was averted ; 
and Sir Edmund employed himself in promoting the more worthy plan of 
raising troops openly in Canada itself. This was accomplished, or at least 
initiated, by the levy of the “ hundredth,” or ‘‘ Canadian ”’ regiment. But 
the termination of hostilities rendered its services unnecessary. It was a 
strong proof, however, of the popularity of the measure in the colony, that 
Sir Edward received between two and three hundred applications for officers’ 
commissions. 

The next question which engaged Sir Edmund Head’s serious attention 
was one of magnitude in itself, but rendered more difficult by the amount 
of local interests and rivalries which were engaged in it. Upper and 
Lower Canada had been united into a single province, some years before, 
under the administration of the colonies by Lord John Russell. But no 
decision was arrived at respecting the permanent seat of the future govern- 
ment. Since the union, therefore, the executive had been located, in alter- 
nate years, at Quebec and at Toronto—a change attended with much in- 
convenience to the public service. But to fix on a single capital was a de- 
cision which the local ministries shrank from taking, naturally fearful, as 
they were, of encountering the hostility of the rejected candidates. They 
therefore acquiesced in the course advised by Sir. Edmund Head, of referring 
the question to the decision of the Queen, and praying her Majesty to se- 
lect the site of their eventual metropolis. But the corporations of all the 
towns, which conceived themselves to have a claim to this honour and ad- 
vantage, were to be first admitted to urge their respective claims. Accord- 
ingly, in the course of 1857, Quebec, Toronto, Montreal, Kingston, Ottawa, 
and Hamilton gave in their several memorials, showing their respective ad- 
vantages in point of population, commerce, position, and capabilities of 
defence ; and the case in behalf of each was urged with considerable abi- 
lity. Sir Edmund Head’s opinion was in favour of Ottawa; and that 
place was ultimately selected by the Queen in the Ministry of Lord Pal- 
merston, but not without much careful investigation. The difficulties of 
the question, however, did not cease here. ‘The youthful democracy of 
Canada were not easy to hold fast; and a considerable disposition was 
manifested to repudiate the decision which the Crown had taken on the 
invitation of the colonial authorities themselves. This opposition was 
surmounted, however, through the patience and tact of the Governor, as 
well as the general good sense of the community, and the conviction 
that (independently of the binding engagement into which they had 
entered towards the Crown) the problem was really soluble in no 
other way. Ottawa, situated on the frontier between the two ancient 
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provinces, became the capital of the colony, and is now that of the con- 
federated ‘‘ dominion.” 

In the same year, and in the conduct of those negotiations, Sir Edmund 
Head visited England, and was appointed of the Privy Council. 

In 1860 occurred the ‘ progress’? of His Royal Highness the Prince of 
Wales through British North America. The Governor-General met 
the royal party at Gaspé, at the mouth of the St. Lawrence, and accompa- 
nied them in their lengthened tour through his province. Shortly after 
this he paid a visit to England, on which occasion he was made a Knight 
Commander of the Bath. 

The last business of public importance in which Sir Edmund was en- 
gaged in Canada related to the confederation of the British North-American 
provinces. The movement towards the attainment of this object originated 
in Canada. By the terms of the union between the two divisions of that 
province, Canada Kast and Canada West had an equal voice in the pro- 
ceedings of the legislature. But the latter division was rapidly outgrow- 
ing the former in population and wealth. The result was a collision of 
interests which tended to a deadlock in the Government—the reforming 
party in the West advancing the principle of representation according to 
numbers, the East clinging to that equality which the existing constitution 
secured to it. To obtain the union of the so-called Lower Provinces (Nova 
Scotia, New Brunswick, Newfoundland, Prince Edward’s Island) with 
Canada, and thus to recast the entire political arrangement, was an obvious 
expedient for getting rid of the difficulty. Other motives concurred, but 
this was the principal; and in 1858 delegates from Canada waited on Sir 
Edward Lytton, then Colonial Minister, im order to urgeit. The Governor- 
General, though sincerely anxious to promote the scheme, thought it of the 
utmost importance that the initiative should be taken by the communities 
themselves and not by the executive, and therefore confined himself to 
the exercise of his good offices in remeving all difficulties in the way of 
the negotiation. Personally, he was of opinion that the best course would 
be to effect a union between between the Lower Provinees first, and then 
to connect the newly-consolidated dominion with Canada. But cireum- 
stances rendered it impossible to proceed in that direction. The whole 
project, however, was adjourned for some time; nor was it practically re- 
vived until after the departure of Sir Edmund from Canada, which took 
placein 1861. It was finally carried into execution under the government 
of his successor, Lord Monk. 

From the position which he had held in the University of Oxford and 
his taste for literary pursuits, it might have been expected that Sir Edmund 
should pay attention to the promotion of education and the extension of 
science in the provinces which he was called on to govern; and the sequel 
shows that he successfully exerted his influence to further these objects, 
both in New Brunswick and Canada. 
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In New Brunswick he took a lively interest in the extension and improve- 
ment of the Provincial University as a centre of liberal education; and in 
order to overcome local difficulties he appointed a commission of inquiry. 
Sir Edmund attended the meetings of the Commissioners, and took a part 
in their discussions ; and although he was removed to Canada before the 
recommendations of the Commission were fully acted on, enough was done 
to ensure the permanence of the University and enhance its utility to 
the province. 

On entering on his administration of Canada, one of the first acts of Sir 
Edmund (1854-55) was to promote the efforts of a number of patriotic 
gentlemen then engaged in the attempt to reorganize the M‘Gill University, 
the only endowed institution in Lower Canada for the higher education of 
that part of the population which is of British origi. The! Governor not 
only gave substantial aid to their enterprise, which has been highly suc- 
cessful and beneficial in its results, but through his influence secured the 
appointment of the present Principal, Dr. J. W. Dawson, a Fellow of 
this Society, under whom a flourishing school of natural science has been 
established in connexion with the University. 

It was also largely due to Sir Edmund’s influence that the provincial 
normal schools of Lower Canada were successfully established ; and it was 
during his administration and under his patronage that the Natural-His- 
tory Society of Moutreal was enabled to erect a new building and greatly 
to enlarge its collections and other means of usefulness. 

In Upper Canada the University of Toronto especially has reason to re- 
member the exertions of the Governor in preventing the division of its 
endowments, and in furthering the erection of its new and magnificent 
buildings. 

The Geological Survey of Canada under Sir William Logan was regarded 
by Sir Edmund as an object of special interest and importance. In the 
first year of his administration he authorized the augmentation of the 
fund annually voted for its support, raising the amount from eight thou- 
sand up to twenty thousand dollars; he took an early opportunity, without 
solicitation, of considerably increasing the salaries of the staff; and when 
the welfare and even the continuance of the survey were endangered by 
political changes, he was always ready to befriend it. 

These efforts of Sir Edmund Head made him distinguished as a Governor 
who understood the subjects and sympathized with the cultivators of science 
and literature, and occasioned the termination of his government to be 
viewed by these with sincere regret. 

Seven years of official labour in New Brunswick, and seven in Canada, 
were now to be followed by seven years of comparative rest, which com- 
pleted his career. But his period of retirement was employed in a variety 
of public labours. He acted for several years as an unpaid member of the 
Civil Service Commission for organizing competitive examinations for ap- 
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pointments in the public service, of the Commission appointed to consider 
the site of the National Gallery, and (in 1867) of the Trades’ Unions 
Commission. And those who acted. with him in these several capacities 
cau bear testimony to the influence which he exercised through his singu- 
larly calm and temperate judgment and the unfailing considerateness with 
which he weighed the opinions of his colleagues. He was for the last five 
years of his life Chairman of the Hudson’s Bay Company. In April 1863 
he was elected a Fellow of the Royal Society. Besides his other literary 
works, of which mention has been made, he was the author of the little 
philological essay entitled ‘‘Shall and Will, two chapters on future auxti- 
liary verbs’ (1856 and 1858)—of a translation of ‘Viga Glum’s Saga’ from 
the Icelandic (1866) (a language of which the study occupied him a good 
deal towards the end of his life)—of articles on art-subjects in the Edin- 
burgh Review, on Eastlake (1847), Cavalcasella (1865), and Holbein (1866), 
on the law of settlement, on the American Civil War (1862)—and in the 
Quarterly on Isaac Taylor’s ‘Words and Phases,’ and the ‘ Life of Sir 
John Eliot.” He also occasionally amused himself with poetical com- 
position; his essays in that department, chiefly translations, appeared 
from time to time in Fraser’s Magazine. He was engaged at the time 
of his death on editing a translation of Van Praet’s volume of historical 
miscellanies, which has since been completed by Sir Alexander Gordon. 
If the subjects to which his attention was thus devoted appear to in- 
dicate rather a discursive mind than serious addiction to any individual 
study, it must be remembered that his business in life was the public 
service, and his pursuits in literature and art mere accessories, to supply 
an active intellect with employment in the intervals of its appropriate 
labour. 

Sir Edmund Head died suddenly, on the 28th of January 1868, pro- 
bably of disease of the heart, of which the existence was unknown to himself 
and his friends. With him the old Baronetcy enjoyed by his family be- 
came extinct. 
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“Joun Davy was born at Penzance on the 24th of May, 1790; and he 
died in his 78th year, at Ambleside, on the 24th of January last. He was 
the youngest of five children, of whom Sir Humphry Davy, born twelve 
years before him, was the eldest. He survived his brother thirty-nine 
years ; and one of the most marked features in his character for the whole 
of this period, and, indeed, of his life, was the well-deserved gratitude and 
veneration with which he regarded that famous philosopher. His first 
introduction to scientific life was made at the age of eighteen, in the La- 
boratory of the Royal Institution, where his brother was then (1808) in 
the zenith of his fame, lecturing and prosecuting chemical research. Dr. 
Davy always considered the period of from two to three years during 
which.he acted as an assistant to Sir Humphry as one of the happiest 
and best employed of his life. On relinquishing this post he studied 
medicine in Edinburgh, where he graduated in the year 1814, the same 
year in which he was made a Fellow of this Society. From the year 1815, 
up to the end of his life, he held various appointments in various parts of 
the world ia the Army Medical Department. THe passed a life of great 
activity, which was but little less varied than this short sketch will 
show the incidents of his history to have been. He has left behind him 
numerous papers on purely scientific subjects—chemical and biological ; 
he has written the history of his brother’s life, and has also edited his 
works ; his medical experience has been embodied in a volume treating of 
Army Diseases; and he has written accounts, partly scientific, partly of 
general interest, of the various countries—Ceylon, the Ionian Islands, and 
the West Indies—in which he was at different periods of his life stationed 
in the course of his professional duties. The fact that the Royal Society 
is now in course of publishing a Catalogue of Scientific Papers, renders it 
superfluous to specify Dr. Davy’s very numerous memoirs individually ; 
and it will be the aim of this notice merely to give the main features of his 
life in outline, and to mark only the chief points upon which his multifarious 
labours threw light. 

The first remark which a glance at a list of his contributions to science 
suggests, relates to the length of the period over which his activity in the 
way of research extended itself. His first paper was published in 
‘Nicholson’s Journal’ for 1811, and contained the result of certain 
investigations undertaken in vindication of the doctrines taught by his 
brother as to the simple nature of chlorine, or oxymuriatic acid, as it was 
then named, and as to the incorrectness of the then current views of the 
composition of hydrochloric, then known as ‘“‘ muriatic”’ acid. His last 
paper, one “On the Temperature of the Common Fowl,” was read subse- 
quently to his death before the Royal Society of Edinburgh this very year 
1868. 

During a considerable part of these fifty-seven years Dr. Davy was on 
actual service as a medical officer of the army. His services began in the 
campaign of 1815, when he was attached to a General Hospital in Brussels ; 
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he was shortly afterwards sent out to Ceylon, where he continued during 

the suppression of a rebellion and up to the year 1820. After this he was 

for several years on Mediterranean stations, in the Ionian Islands first, 

and afterwards at Malta; and he was sent by Lord Palmerston in the 

year 1839 on a mission to Constantinople, which lasted nine months, and 

aiming, as it did, at effecting a reform in the administration of the Turkish 

hospital system, ended in failure and disappointment. His last public duty 

was performed as an Inspector-General of Army Hospitals on the West- 
Indian Station during the three years 1845-1848. In the intervals of 
foreign employment Dr. Davy was usually on duty at home. An ‘ Account 

of the Interior of Ceylon,’ a quarto volume published in 1821, ‘ Notes on 

the Ionian Islands and Malta, with some account of Constantinople,’ two 

octavo volumes published in 1842, and a volume entitled ‘The West 

Indies before and since Emancipation,” and bearing date 1854, contain 

the results of his observations and investigations into the non-medical 

history of these stations. In a work ‘On the Diseases of the Army, with 

contributions to Pathology,’ published in 1862, Dr. Davy has embodied 

the results of the medical experience which he gained in the discharge of 
his professional duties at home and abroad. Not the least valuable portions 

of this volume are those which relate to the eetiology of the yellow and other 

malarious fevers of the tropical and subtropical countries he was made 

familiar with. Ten years previously to the publication of this work Dr. 

Davy had acted as editor to Dr. Blair’s volume on ‘The Yellow Fever 

Epidemic of British Guiana.’ It is well here to put on record that, whilst 
discharging the duties of an Inspector-General at Barbadoes, he found 

time to deliver and publish a course of ‘ Lectures on the Study of Che- 

mistry,’ with especial reference to the agricultural requirements of the 

island. Dr. Davy had many years previously acted as editor of Sir Hum- 

phry’s well-known and much read treatise on ‘ Agricultural Chemistry.’ 

Two volumes of ‘ Researches, Anatomical and Physiological,’ were pub- 
lished by Dr. Davy in the year 1839; and they were followed by a third 
on the same subjects in the year 1863. The papers collected in these 
three volumes are of a very varied character; those on the Torpedo; on 
the Structure of the Heart of Amphibia; on the Generative Organs of 
Cartilaginous Fishes; on the Blood-corpuscles of the Ornithorhynchus ; 
on the Temperature of Man in the Tropics; on the ova of the Salmonide, 
with reference to the Distribution of Species; and especially those on the 
Blood and the cause of its Coagulation, are the most particularly note- 
worthy, and the most particularly connected with the author’s name. 

The debt of gratitude which Dr. Davy owed to Sir Humphry for the 
assistance and sympathy which he received from him in early life, he 
discharged, so far as such obligations can be discharged, by the publication 
in 1836 of ‘Memoirs of the Life of Sir Humphry. Davy, Bart.,’ in two 
volumes ; secondly, by his edition of the works of Sir Humphry in twelve 
volumes, the first of which is:a Biography condensed from. the two 
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volumes just mentioned, the author “ carefully abstaining from all that was 
controversial and vindicatory, trusting that what was before a duty was 
then superfluous ;” and, thirdly, by the volume of ‘ Fragmentary Remains, 
Literary and Scientific,’ which contained a sketch of his brother’s life and 
was published in 1858. The sixth volume of this edition of Sir Humphry 
Davy’s works, and the second volume of the first of the Biographies of 
him published by his brother, contain a full statement of the relative claims 
of Sir H. Davy and George Stephenson respectively to be considered the 
inventor of the Safety Lamp. Upon another occasion, and as recently as 
1864-1865, as may be seen by a reference to the pages of the Philosophical 
Magazine, Dr. Davy engaged himself in a vindication of his brother’s repu- 
tation from certain aspersions which had been cast upon it with reference 
to his conduct when President of this Society. 

Dr. Davy was the author of two works on Angling, which have the form 
of colloquies, and are discursive and digressive, especially in the direction of 
the various biological bearings of the sport. His liking for this pursuit 
was, as is well known from the ‘Salmonia,’ common to him with the 
author of that work. 

Dr. Davy pursued a regular and methodical course of literary and 
scientific work up to the latest days of his life. His activity, as seen in 
his later years at the Meetings of the British Association, which he regularly 
attended, was the wonder of much younger men. ‘Those who saw him in 
ordinary life gathered from the sight the moral that regular habits in 
ordinary life are the best guarantee for the possession of a power for putting 
forth extraordinary exertions upon extraordinary occasions. 

The great reputation which, in spite of all efforts to the contrary, has 
settled round the name of Sir Humphry Davy, has necessarily put Dr. John 
Davy’s claims for scientific distinction somewhat at a disadvantage. The 
younger brother’s main deficiencies were deficiencies affecting his power of 
imagination and his faculty of exposition, and for excellence in these mental 
qualities the elder brother was not less preeminently distinguished than for 
his more strictly scientific abilities. It is much to the credit of Dr. Davy’s 
moral nature that no shadow of mortification or jealousy ever darkened his 
meditations on his brother’s achievements, into comparison with which he 
was so constantly forced to bring his own. Nor can we close this notice 
more fitly than by saying what is the literal truth, that his sympathy with 
the cause of his brother’s reputation, showing itself as it did in a repeated 
and successful championship of it, elevated his whole nature and spread 
through and over his long series of labours the warm light of a sunny 
memory. 
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